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THE PALJEONTOGRAPHICAL SOCIETY was established in the year

1847, for the purpose of figuring and describing British Fossils.

Each person subscribing One GtUINEA is considered a Meinber of the Society, and

is entitled to the Volume issued for the Year to ivhich the Subscription relates.

Subscriptions are considered to be due on the 1st of January in each year.

The Annual Volumes are now issued in tioo forms of Binding : 1st, with all

the Monographs stitched together and enclosed in one cover ; 2nd, with each of the

Monographs in a paper cover, and the whole of the separate parts enclosed in an

envelope. Members wishing to obtain the Volume arranged in the latter form

are requested to communicate with the Secretary.

Most of the bach volumes are in stock. Monographs or parts of Monographs

already published can be obtained, apart from the annual volumes, from Messrs.

DuLAU AND Co., 37, Soho Square, London, W., who will forward a complete price

list on application.

Members desirous of forwarding the objects of the Society can be provided

with plates and circulars for distribution on application to the Secretary, Dr. A.

Smith Woodward, British Museum (Nat. Hist.), South Kensington, London, S.W.

The following Monographs are in course of publication :

The Fossil Sponges, by Dr. G. J. Hinde.

The Graptolites, by Prof. Lapworth, Miss Elles, and Miss Wood.

The Cretaceous Lamellibranchia, by Mr. H. Woods.

The Carboniferous Lamellibranchiata, by Dr. Wheelton Hind.

The Inferior Oolite Ammonites, by Mr. S. S. Buckman.

The Carboniferous Cephalopoda of Ireland, by Dr. A. H. Poord.

The Sirenoid Ganoids, the Palteoniscid Fishes of the Carboniferous Formation, and

the Fishes of the Old Red Sandstone, by Dr. R. H. Traquair.

The Fishes of the English Chalk, by Dr. A. Smith Woodward.

The Fauna of the Devonian Formation of the South of England, by the Rev. G, F.

Whidborne.

The following Monographs are in course of preparation :

The Carboniferous Lepidodendra, by Dr. D. H. Scott.

The Fossil Cycadege, by Mr. A. C. Seward.

The Reptilia of the Oxford Clay, by Dr. C. W. Andrews.

The Cornbrash Fauna, by Prof. J. F. Blake.
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Council and Officers elected June, 1902.*

HENRY WOODWARD, Esq., LL.D., F.R.S., F.G.S.

Rev. Canon Bonney, D.Sc, F.R.S.
[

Prof. Charles Lapworth, LL.D., F.R.

W. H. HuDLESTON, Esq., M.A., F.R.S. |
Rev. G. F. Whidborne, M.A., F.G.S.

(|[fl«iitil.

F. A. Bather, Esq., M.A., D.Sc, F.G.S.

A. M. Bell, Esq , M.A., F.G.S.

W. T. Blanpord, Esq., LL.D., F.R.S.

Rev. R. Ashington Btjllen, B.A., F.G.S.

Miss Margaret Crosfield.

Rev. a. Fuller, M.A.

TJpFiELD Green, Esq., F.G.S.

G. J. Hinde, Esq., Ph.D., F.R.S.

J. HopKiNsoN, Esq., F.G.S.

F. L. KiTCHiN, Esq , M.A., Ph.D., F.G.S.

E. T. Newton, Esq., F.R.S., F.G.S.

F. R. Cowpee Reed, Esq., M.A., F.G.S.

A. W. RowE, Esq., M.B., F.G.S.

D. H. Scott, Esq., Ph.D., F.R.S.

W. P. D. Stebbing, Esq., F.G.S.

treasurer.

R. Etheridge, Esq., F.R.S., 14, Carlyle Square, Chelsea. S.W.

^ttxttini

A. Smith Woodward, Esq., LL.D., F.R.S., British Museum (Nat. Hist.), South Keiisingtou,

London. S.W.

fotal Scmtiirics.

Aberdeen—Mrs, M. Ogilvie Gordon, D.Sc.

Bath—'REY. H. H. Winwood, M.A., F.G.S.

Berlin—Messrs. Friedlander & Son.

Gambridcje—n. Woods, Esq., M.A., F.G.S.

Glas(jow~M. Laurie, Esq., M.A., D.Sc. i

Gloucester— S. S. Buckman, Esq., F.G.S.

Herf/ordshire—J. Hopkinson, Esq., F.G.S.

Liverjwol—Jos-EP-B. Lomas, Esq., F.G.S.

Oa/orcZ—Professor W. J. Sollas, F.R.S.

Sydney—H. Deane, Esq , F.L.S.

* Modified by rcsohition of Council on 21st November, 1902, when the vacancy in the list of Vice-Presidents,

caused by the death of the Eov. Dr. Wiltshire on 27th October, was filled by tlie Rev. Canon Bonney.



ANNUAL REPORT OF THE COUNCIL
FOR THE YEAR ENDING 31st MARCH, 1902.

BEAD AND ADOPTED AT THE

ANNUAL GENERAL MEETING,

HELD BY KIND PERMISSION OF THE GEOLOGICAL SOCIETY AT THEIE APARTMENTS IN

BURLINGTON HOUSE, JUNE 20th, 1902.

Dii. HENRY WOODWARD, F.R.S., President,

IN THE CHAIR.

The Council, in presenting their Fifty-fiftli Annual Report, liave mucli

pleasure in recording tlie continued prosperity of tlie Society. The Treasurer's

financial statement is eminently satisfactory, and the original Monographs offered

to the Society for puhlication are as numerous and valuable as at any previous

period in its history.

The income during the financial year amounted to £610 Is. 4d., and the total

expenditure was £488 19s. Id., leaving a balance of £121 2.^-. Sd. to be added to

the balance of £1005 19-s. 11(^ already standing to the Society's credit. The

surplus is due to the circumstance that the volume for the year was somewhat

smaller than usual, and contained eight plates for which most of the charges had

been paid many years before. A donation of £25 4<s., for which thanks are due

to the Rev. Gr. F. Whidborne, Vice-President, was also a welcome addition to the

funds.

The Council have the gratification to announce that His Majesty the King has

graciously consented to continue the patronage which was accorded for so many



years by Her late Majesty Queen Victoria, in subscribing for the Society's annual

volume.

A few additional members have also joined the Society, and fortunately

repaired the losses sustained by death and resignation. The most serious loss

during the year was caused by the lamented death of Mr. J. C. Mansel-Pleydell,

who was one of the oldest and most active members, and served for some time on

the Council. The resignation of several small libraries, after a brief period of

subscription, is also regrettable, and serves to emphasise the importance of securing

new personal subscribers who will take an active interest in the Society's work.

The volume for 1901 was issued at the end of the year, and contains 241 pages

and thirty-five plates. It includes continuations of the Monographs of Cretaceous

Lamellibranchs, Carboniferous Lamellibranchs, Carboniferous Cephalopods of

Ireland, and British Carboniferous Ganoid Fishes, besides the first part of the

long-expected Monograph of British Graptolites edited by Professor Lapworth.

All these Monographs are still in active progress, and further instalments of

most of them may be expected to appear in the volume for 1902. This volume

will also comprise the first part of the Secretary's new Monograph of the Fossil

Fishes of the English Chalk, and a Monograph of the Cave Hyaena by Professor

S. H. Reynolds. Thanks are due to the Geological Society for permission both to

store the stock of back volumes, and to hold the Council meetings and the annual

general meeting in their apartments.

In conclusion, it is proposed that the retiring members of the Council be Sir

Archibald Geikie, Professor T. Rupert Jones, Dr. C. H. Gatty, and Mr. A.

Strahan ; that the new members be Miss Margaret Crosfield, Professor Charles

Lapworth, Mr. A. M. Bell, and Mr. W. P. D. Stebbing ; that the President be

Dr. Henry Woodward ; the new Vice-Presidents be Professor Lapworth and Rev.

Dr. Wiltshire ; the Treasurer, Mr. R. Etheridge ; and the Secretary, Dr. A. Smith

Woodward.

Annexed is the Balance Sheet.
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LIST OF MEMBERS.*

CORRECTED TO 1st NOVEMBER, 1902.

His Most Gracious Majksiy the King.

Aberdeen, University Library.

Adelaide (Australia) Public Library.

Adlard, R. E., Esq., Bartholomew Close. E.G.

Allen, E. G., Esq., 28, Henrietta Street, Guvent Garden. W.C.

Allen, H. A., Esq., F.G.S., 28, Jermyn Street. S.W.

Amherst College, Mass., U.S.A.

Amsden, Mrs. E. B., Ilolmvvood, 2G0, South Norwood Hill. S.E.

Amsterdam, Royal Academy of Sciences.

Arlecdon and Frizington Public Library, Frizington, Guinbcrltind.

Avebury, Right Hon. Lord, 15, Lombard Street. E.G.

Bale (Switzerland), University Library.

Balston, W. E., Esq., F.G.S., Barvin, Potter's Bar.

Banks, W. H., Esq., Hergest Croft, Kington, Herefordshire.

Barnes, J., Esq., F.G.S., South Cliff House, Higher Broughton, Manchester.

Barnsley Naturalist and Scientific Society.

Bathj Kingswood School.

Bather, F. A., Esq., M.A., D.Sc, F.G.S., British Museum (Nat. Hist.). S.W.
Battersea Public Library, Lavender Hill. S.W.

Bedford, His Grace the Duke of, Woburn Abbey, Bedfordshire.

Bedford, J., Esq., Woodhouse Cliff, Leeds.

Bedford Literary Institute, Bedford.

Belfast Linen Hall Library, Donegal Square North, Belfast.

Belfast, Queen's College.

Bell, A.M., Esq., M.A., F.G.S., Limpsfield, Rawlinson Road, Oxford.

Bell, W. H., Esq., F.G.S., Gleeve House, Seeud, Melks'.am.

Bell and Bradfute, Messrs., 12, Bank Street, Edinburgh.

* The Members are rcquostod to inform the Secretary of any errors or omissions in this list, and of any delay

in the transmission of the Yearly Volumes.
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Bergen (Norway), Museums Bibliotliek.

Berkeley, Right liou. Earl of, The Heath, Bear's Hill, near Abiiigdou,

Bethnal Green Public Library, London Street. N.E,

Birkenhead Public Library, Birkenhead.

Birley, Miss Caroline, ll-, Brunswick Gardens, Kensington. W.
Birmingliara Free Public Library, RatclifF Place, Birmingham.

Birmingham, INIidland Listitule.

Birmingham Old Library, Margaret Street, Birmingham.

Birmingham, University Library.

Blackburn Public Library, Blackburn.

Blackmore, Humphrey P., Esq., M.D., F.G.S., Salisbury.

Blake, Rev. J. F., M.A., F.G.S., 69, Comeragh Road, West Kensington. \\

.

Blanford, W. T., Esq., LL.D., F.R.S., 72, Bedford Gardens, Campden Hill. W.
Blalhwayt, Lieut.-Col. Linley, Eagle House, Batheaston, Bath.

Blundell, G. E., Esq., M.A., Wellington College, Berks.

BUmdell, Harold, Esq., Fairlawn, Harpenden, Herts.

Blyth, C. E., Esq., Birdingbury Hall, near Rugby.

Bolton, Chadwick INIuseura.

Bompas, G. C, Esq , F.G.S., 121, Westbourne Terrace, Hyde Park. W.
Bonn (Germany), Geological-Palaeontological Institute of the University.

Bonney, Rev. Canon T. G., D.Sc, F.R.S., Vice-Preddent, 23, Denning Road, Hamp-

stead. N.W.
Bootle-cum-Linacre Public Library, Bootle, Liverpool.

Bordeaux, University Library.

Boston Society of Natural History, Boston, Mass., U.S.A.

Boulogne-sur-Mer (France), Bibliotheque Coramuiiale.

Bradley, F. L., Esq., F.G.S., Ingleside, Malvern Wells.

Brighton and Hove Natural History Society, Brighton.

Bristol Naturalists' Society, Geological Section, per B. A. Baker, Esq., 11, Wcstbury

Park, Bristol.

Bristol Public Museum and Reference Library, Queen's Road, Bristol,

Bromley Naturalists' Society, 50, London Road, Bromley, Kent.

Bromley Public Library, Tweedy Road, Bromley, Kent.

Brown, Alexander Oestrand, Esq., 4, The Grove, Highgate. N.

Bruce, J., Esq., Hill Crest, Whitby, Yorkshire.

Buchan-Hepburn, Sir Archibald, Smeaton-Hepburn, Preston Kirk, East Lothian. N.B.

Buckman, S. S., Esq., F.G.S., Local Secretary, EUborough, Charlton Kings, Cheltenham.

BuUen, Rev. R. Ashington, B.A., F.G.S., The Vicarage, Pyrford, Woking.

Burrows, Henry W., Esq., F.G.S., 17, Victoria Street. S.W.

Burslcm Public Library, Burslcm.

Buxton Public Library, Town Hall, Buxton.

Camberwell Public Library, 20, High Street, Peekham. S.E.

Cambridge, Peterhouse.

Cambridge Philosophical Society's Library, New Museums, Cambridge.

Cambridge, St. John's College.

Camhridge, Sidney Sussex College.

Cambridge, Trinity College.
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Cambridge University Library.

Civinbridge, AVoodwardiau Museum.

C^anadian Geological Survey, Sussex Street, Ottawa, Canada,

Canterbury, Piiilosophical Institute of, Christchurcli, New Zealand.

Cardiff Public Library, Cardiff.

Carlisle Public Library, Carlisle.

Catford, S.E., St. Dunstan's College.

Chelsea Public Library, Manresa Road. S.W.

Clieltenbam College, Cheltenliam.

Cbeltenliam Library, 5, Royal Crescent, Cheltenliam.

Cheltenham Natural Science Society, Cheltenliam.

Chester Society of Natural Science, Chester.

Chesterfield Public Library, Chesterfield.

Chicago (U.S.A.), Newberry Library.

Chicago (U.S.A.) Public Library.

Chiswick Public Library, Chiswick. W.
Christ Church Public Library, Blackfriars Road, Southwark. S.E.

Christiania (Norway), University Library.

Cincinnati (U.S.A.) Public Library.

Clarke, Mrs. Stephenson, Brooke House, Hayward's Heath, Sussex.

Clermont-Ferrand (France), University Library.

Clifton College, Clifton, Bristol.

Clough, C. T., Esq., F.G.S., 28, Jermyn Street. S.W.

Cobbold, E. S., Esq., F.G.S., Church Stretton, R.S.O., Shropshire.

Coomaraswamy, A. K., Esq., B.Sc, F.L.S., F.G.S., Walden, AVorplesdon, Guildford.

Coombs, J. Ashton, Esq., F.G.S., Albion Lodge, Gloucester Road, Cheltenham.

Cork, Queen's College.

Cornell University, Ithaca, U.S.A.

Coventry Free Public Library, Coventry.

Crofton, Rev. Addison, M.A., Linton Court, Settle, Yorkshire.

Crosfield, l\Iiss Margaret, Undercroft, Reigate.

Croydon Free Library, Croydon.

Cul'lis, Prof. C. Gilbert, D.Sc, F.G.S., Royal College of Science, South Kensington. S.W.

Darwin, "W. E., Esq., F.G.S., Ridgemont, Bassett, Southampton.

Davis, Prof. J. R. Ainsworth, M.A., University College, Aberystwyth.

Dawkins, Prof. W. Boyd, F.R.S., F.G.S., Woodhurst, Wilmslow Road, Fallowfield, Manchester.

Deane, Henry, Esq., F.L.S. , Aoc«Z /Secre/ar?/, Railway Department, Sydney, New South Wales.

Delgado, Senhor J. F. N., Direccao dos Trabalhos geologicos, 113, Rua do Arco a Jesus,

Lisbon.

Derby Free Library and Museum, Derby.

Derham, Walter, Esq., 76, Lancaster Gate, Bayswater. W.
Devonport Free Public Library, Devonport.

Devonshire, His Grace the Duke of, F.R.S., Devonshire House, Piccadilly. W.
Dewalque, Prof., F.C.G.S., Liege.

Dewsbury Public Free Library, Dewsbury.

Dickinson, W., Esq., F.G.S., Warham Road, Croydon.

Dickson, Edward, Esq., 2, Stnrkie Street, Preston.
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Dijon (France), University Library.

Donald, Miss, Quarry Hill, near Mealsgate, via Carlisle.

Doncaster Borough Free Library, Doncaster.

Dordolot, Rev. H. de, D.D., Prof. Catli. University, Louvaiu, Belgium.

Dorset County Museum Library, Dorchester.

Dowson, E. T., Esq., F.R.M.S., Geldeston, Bcccles.

Drew, Dr. J., F.G.S., Montrose, Eattledown, Clieltenliara.

Dublin, National Library.

Dublin, Royal College of Science for Ireland, Stephen's Green.

Dublin, Royal Irish Academy, 19, Dawson Street.

Ducie, Right lion. Earl of, F.R.S., Tortworth Court, Gloucestershire.

Dudley and Midland Geological and Scientific Society and Field Club.

Dundee Free Library, Dundee.

Dundee Naturalists' Society, University College, Dundee.

Durham, the Dean and Chapter of (by C. Rowlandson, Esq., The College, Durham).

Edinburgh Geological Society, 5, St, Andrew Square, Edinburgh.

Edinburgh Museum of Science and Art, Argyle Square, Edinburgh.

Edinburgh Public Library, Edinburgh.

Edinburgh, Royal Society of.

Edinburgh, University of.

Epsom College, Epsom.

Etheridge, R., Esq., F.R.S., F.G.S., Treasurer, 14, Carlyle Square, Chelsea. S.W
Evans, Sir John, K.C.B., D.C.L., F.R.S., F.G.S., Nash Mills, Hemel Hempstead.

Exeter, Albert Memorial Museum, Queen Street.

Folkestone Public Library and Museum, Folkestone.

Foord, Dr. A. H., F.G.S., Royal Dublin Society, Dublin.

Fortey, Charles, Esq., Abbey Villa, Ludlow.

Foulerton, Dr. J., 41', Pembridge Villas, Bayswater. W.
Fox, Howard, Esq., F.G.S., Falmouth.

Eraser, John, Esq., M.A., M.D., F.R.C.S.Edin., F.G.S., Chapel Ash, Wolverhampton.

Friedlander, Messrs., Local Secretaries, 11, Carlstrasse, Berlin.

Fritsch, Prof. K. von, Halle.

Fry, A. Mortimer, Esq., F.G.S., St. Anne's House, Tankerton, Whitstable.

Fulham Free Public Library (l<\ T. Barrett, Librarian), Fulham. S.W.

Fuller, Rev. A., M.A., The Lodge, 7, Sydenham Hill. S.E.

Galashiels, N.B., Public Library.

Galway, Queen's College.

Garnett, C, Esq., Rownham House, Clifton, Bristol.

Garwood, Prof. E. J., M.A., F.G.S., University College, Gower Street. W.C.
Gascoigne, Major Trench, Lotherton Hall, Aberford, Leeds.

Gateshcad-on-Tyne Public Iiibrary, Gateshead-on-Tyne.

Gatty, Charles Henry, Esq., LL.D., F.L.S., F.G.S. , Felbridge Place, East Grinstead.
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Gaudry, Prof,, Mcmbre de I'lnstitut; F.M.G.S,, Museum d'llistoire N.atuiclle, Paris.

Geikie, Sir Archibald, LL.D., F.E.S., 10, Chester Terrace, Regent's Park. N.W.
Gibson, Miss, Ilill House, SafTron Waldcn.

Gilmour, M., Esq., P.Z.S., SafTronhall House, 1, Windmill Road, Hamilton. N.I3.

Glasgow, Geological Society, 150, Hope Street.

Glasgow, Mitchell Library, 21, Miller Street.

Glasgow, Philosopliical Society, 207, Bath Street.

Glasgow, University of.

Gloucester Free Public Library.

Gordon, Mrs. Maria M. Ogilvie, D.Sc, Local Secretary, 1, llubislaw Terrace, Aberdeen.

Goss, W. H., Esq., F.G.S., Stoke-on-Trent.

Gosselet, Prof. J., 159, Rue Brule-Maison, Lille, France.

Great Yarmouth Public Library.

Green, Upfield, Esq., F.G.S., 8, Bramshill Road, Ilarlesden. N.W.
Grcvcl and Co., 33, King Street, Covent Garden. W.C.

Haileybury College, near Hertford.

Halifax Free Public Library, Halifax.

Hamling, J. G., Esq., F.G.S., The Close, Barnstaple.

Hammersmith Free Public Library, Ravenscourt Park, Hammersmith. W.
Hampstead Public Library, Finchley Road, Hampstead. N.W.
Handsworth Public Library, Birmingham.

Hannah, R., Esq., F.G.S., 82, Addison Road, Kensington. W.
Harker, Alfred, Esq., M.A., F.G.S., St. John's College, Cambridge.

Harlesdea Public Library, Craven Park Road, Harlesden. N.W. (H. S. Newland,

Librarian.)

Harley, Dr. John, F.L.S., Becdings, Pulborough, Sussex.

Harmer, F. W., Esq., F.G.S., Oakland House, Cringleford, near Norwich.

Hawell, Rev. John, M.A., F.G.S., Ingleby Greenhow Vicarage, Middlesbrongh.

Hawick Public Library, Hawick. N.B.

Hawkshaw, J. Clarke, Esq., 33, Great George Street, Westminster. S.W.

Hcdderley, J. S., Esq., Bulcote, near Nottingham.

Heidelberg (Germany), University Library.

Hereford, Public Library.

Hermann, A., 8, Rue de la Sorbonne, Paris.

Hill, Rev. Edwin, M.A., F.G.S., The Rectory, Cockfield, Bury St. Edmunds.
Hill, Wm., Esq., F.G.S., The Maples, Hilchin.

Hind, Wheelton, Esq., M.D.Lond., F.R.C.S., F.G.S., Roxeth House, Stoke-on-Trent.

Hinde, Geo. J., Esq., Ph.D., F.R.S., Ivythorn, Avondalc Road, South Croydon.

Hodges, Figgis, and Co., 104, Grafton Street, Dublin.

Holcroft, C, Esq., The Shrubbery, Summerhill, Kingswinford, near Dudley.

Hopkinson, John, Esq., F.L.S., F.G.S., Local Secretary, Wcetwood, Watford.

Hove Public Library, Hove, Brighton.

Howe, J. Allen, Esq., F.G.S., Museum of Practical Geology, Jermyn Street. S.W,
Howse, H. G., Esq., M.S., F.R.C.S., 59, Brook Street, Grosveuor Square. W.
Hudleston, W. H., Esq.. F.R.S., F.G.S., Vice-President, 8, Stanhope Gardeus. S.W.
Hue, J. B., Esq., Ventnor Villa, Ventnor, Isle of Wight.
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Hughes, Prof. T. IM'K., M.A., F.R.S,, Woodwardian Museum, Cambridge.

Hull Public Library, Hull.

India, Geological Survey of, Calcutta.

Ipswich ]\Iuscuni, Ipswich. (F. Wooluough, Esq., Secretary.)

Isle of Man Natural History Society, Ramsey, Isle of Man.

Johnes, Mrs., and Lady E. Hills, Dolan Cotliy, Llandcilo, R.S.O., South Wales.

Johns Hopkins University, Baltimore, U.S.A.

Johnson, E., Esq., G, Bickenhall Mansions, Gloucester Place. W.
Jones, Professor T. Rupert, F.R.S., F.G.S., 17, Parson's Green, Fulham. S.AV.

Judd, Prof. J. W,, C.B., F.R.S., Royal College of Science, South Kensington. S.W.

Jukes-Browne, A. J., Esq., B.A., F.G.S,, Etruria, Kent's Road, Torquay.

Justen, F. W., Esq., F.L.S., 37, Soho Square. W.

Keighley Mechanics' Institute, Keighley.

Kendal Literary Institution, The Museum, Kendal, j^er H. B. Greenwood, Esq., Hon. Sec.

Kettering Public Library, Kettering.

Kilmarnock Public Library, Kilmarnock. N.B.

King and Co., 65, Cornhill. E.C.

Kirkby, Richard, Esq., Lindisfarne, Lcven, Fife.

Kirkcaldy Naturalists' Society ; W. Young, Esq., Hon. Sec, Fair Yien-, Milton Road,

Kirkcaldy. N.B.

Kitchin, F. L., Esq., M.A., Ph.D., F.G.S., GeoL Survey of England, 28, Jcrmyn Street. S.W.

Lake, P., Esq., M.A., F.G.S., St. John's College, Cambridge.

Lancaster Public Library, Lancaster.

Lankester, Prof. E. Ray] M.A., LL.D., F.R.S., British Museum (Nat. Hist.), South Ken-

sington. S.W.

Lapworth, Prof. Charles, LL.D., F.R.S., Vice-President, University of Birmingham.
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The Pleistocene Mammalia, Part I, Introduction, Felis spelffia, by Messrs. W. Boyd
Dawkins and W. A. Sanford (pp. i— 1, 1—28, pis. i—v).

Title-pages, &c , to the Monographs on the Reptilia of the London Clay, Cretaceous,
and Wealden Formations.

' The Crag Foraminifera, Part I, by Messrs. T. Rupert Jones, W. K. Parker, and
H. B. Brady (pp. i-vi, 1—72, pis. i—iv).

Supplement to the Fossil Corals, Part I, Tertiary, by Dr. Duncan (pp. i—iii, 1 —66,
1865 ^ pis. i— x).

The Fossil Merostomata, Part I, Pterygotus, by Mr. H. Woodward (pp. 1— 44, pis. i—ix).

The Fossil Brachiopoda, Vol III, Part VII, No. 1, Silurian, by Mr. Davidson (pp. 1—88,
pis. i— xii).

Supplement to the Fosiil Corals, Part IV, No. 1, Liassic, by Dr. Duncan (pp. i—iii,

1—44, pis. i—xi).

The Trilobites of the Silurian, Devonian, &c., Formations, Part IV (Silurian), by Mr.
J. W. Salter (pp. 177—214, pls.xxv*—xxx).

The Fossil Brachiopoda. Vol. Ill, Part VII, No. 2, Silurian, by Mr. Davidson (pp.
89-168, pis. xiii—xxii).

The Belemnitidffi, Part III, Liassic Belemnites, by Prof. Phillips (pp. 53—88, pis.

viii—xx).

Flora of the Carboniferous Strata, Part I, by Mr. E. W. Binney (pp. 1-32, pis. i—vi).

Supplement to the Fossil Corals, Part IV, No. 2, Liassic, by Dr. Duncan (pp. 45— 73,

pis. xii— xvii).

The Fossil Echinodermata, Ci-etaceous, Vol. I, Part II, by Dr. Wright (pp. 65— 112,

XXI.' „ 1867^ pis. ix, X, xii—xxi, xxi a, xxi b).

The Fishes of the Old Red Sandstone, Part I, by Messrs. J. Powrie and E. Ray
Lankester (pp. 1 — 32, pis. i— v).

The Pleistocene Mammalia, Part II, Felis spclffia, continued, by Messrs. W. Boyd
Dawkins and W. A. Sanford (pp. 29—124, pis. vi—six).

' 'J'hose Volumes are issued in two forms of binding : first, with all the Monographs stitched together and enclosed in one
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Vol. XXII. Issued for tlio

Ye:u- i8ti3

Supplement to tlie Fossil Corals, Part II, No. I, Cretaceous, by Dr. Duncan (pp. 1— 2G,

pis. i—ix).

The Fossil Merostomata, Part II, Pterygotus, by Mr. H. Woodward (pp. 45—70, pis.

X—xv).

The Fossil Brachiopoda, Vol. Ill, Part VII, No. 3, Silurian, by Mr. Davidson (pp
169—248, pis. xxiii—xxxvii).

The Belemnitidse, Part IV, Liassic and Oolitic Belemnites, by Prof. Phillips (pp
89—108, pis. xxi-xxvii).

The Reptilia of the Kimmeridge Clay, No. 3, by Prof. Owen (pp. 1—12, pis. i -iv).
The Pleistocene Mammalia, Part III, Felis spelaja, concluded, with F. lynx, by,

Messi's. W. Boyd Dawkins and W. A. Sanford (pp. 125—176, pis. xx—xxii,

xxii A, xxii B, xxiii).

XXIII.' 1869

' Supplement to the Fossil Corals, Part II, No. 2, Cretaceous, by Dr. Duncan (pp. 27—46
pis. X—xv).

The Fossil Echinodermata, Cretaceous, Vol. I, Part III, by D]-. Wright (pp. 113—136,
pis. xxii—xxix, xxix a, xxix b).

The Belemnitidaj, Part V, Oxford Clay, &c., Belemnites, by Prof. Phillips (pp. 109—128,
pis. xxviii—xxxvi).

The Fishes of the Old Red Sandstone, Part I (concluded), by Messrs. J. Powrie and
E. Ray Lankester (pp. 33—62, pis. vi—xiv).

The Rei^tilia of the Liassic Formations, Part II, by Prof. Owen (pp. 41—82, pis.

xvii— xx).

I. The Crag Cetacea, No. 1, by Prof. Owen (pp. 1—40, pis. i—v).

XXIV. 1870^

The Flora of the Carboniferous Strata, Part II, by Mr. E. W. Binney (33—62, pis.

vii—xii).

The Fossil Echinodermata, Cretaceous, Vol. I, Part IV, by Dr. Wright (pp. 137—160,
pis. XXX— xxxix).

The Fossil Brachiopoda, Vol. Ill, Part VII, No. 4, Silurian, by Mr. Davidson (pp.
249—397, pis. xxxviii— 1).

The Eocene Mollusca, Part IV, No. 3, Bivalves, by Mr. S. V. Wood (pp. 137—182, pis.

xxi—xxv).

The Fossil Mammalia of the Mesozoic Formations, by Prof. Owen (pp. i—vi, 1—115,

pis. i—iv).

XXV.'

The Flora of the Carboniferous Strata, Part III, by Mr. E. W. Binney (pp. 63-96, pis.

xiii—xviii).

The Fossil Merostomata, Part III, Pterygotus and Slimonia, by Mr. H. Woodward
(pp. 71—120, pis. xvi—xx).

Supplement to the Crag Mollusca, Part I (Univalves), by Mr. S. V. Wood, with an
Introduction on the Crag District, by Messrs. S. V. Wood, jun., and F. W.

1871 { Harmer (pp. i—xxxi, 1—98, pis. i—vii, and map).

Supplement to the Reptilia of the Wealden (Iguanodon), No. IV, by Prof. Owen
(pp. 1—15, pis. i— iii).

The Pleistocene Mammalia, Part IV, Felis pardus, &c., by Messrs. W. Boyd Dawkins
and W. A. Sanford (pp. 177— 194, pis. xxiv, xxv).

The Pleistocene Mammalia, Part V, Ovibos moschatus, by Mr. W. Boyd Dawkins
(pp. 1—30, pis. i-v).

XXVI.

Supplement to the Fossil Corals, Part III (Oolitic), by Prof. Duncan (pp. 1— 24, pis.

i—vii), with an Index to the Tertiary and Secondary Species.

The Fossil Echinodermata, Cretaceous, Vol. I, Part V, by Dr. Wright (pp. 161—184,
pis. xl— xliv).

The Fossil Merostomata, Part IV (Stylonurus, Eurypterus, Hemiaspis), by Mr. H.
Woodward (pp. 121—180, pis. xxi—xxx).

^ The Fossil Trigoniaj, No. I, by Dr. Lycett (pp. 1— 52, pis. i— ix).
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Vol. XXVII.' Issued for tlie

Year 1873

The Fossil Ecbinodermata, Cretaceous, Vol. I, Part VI, by Dr. Wright (pp. 185—224,
pis. xlv—lii).

Sujjplenient to the Fossil Brachiopoda, Vol. IV, Part I (Tertiary and Cretaceous), by
Mr. Davidson (i>p.

1— 72, pis. i— viii).

SuiJijlenient to the Crag Mollusca, Part II (Bivalves), by Mr. S. V. Wood (pp. 99—231,
pis. viii—xi, and add. platf).

Supplement to the Reptilia of the Wealden (Iguanodon), Xo. V, by Prof. Owen
(pp. 1—18, }ds. i, ii).

Supplement to the Reptilia of the Wealden (Hylseochampsa), No. VI, by Prof. Owen
(pp. 1—7).

The Fossil Reptilia of the Mesozoic Formations, Part I, by Prof. Owen (pp. 1—14,
pis. i, ii).

XXVIII.'

( The Post-Tertiary Entomostraca, by Mr. G. S. Brady, Rev. H. W. Crosskey, and Mr.
D. Robertson (pp. i—v, 1—232, pis. i—xvi).

1874
-[
The Carboniferous Entomostraca, Part I (Cypridinida), by Prof. T. Rupert Jones

and Messrs. J. W. Kirkby and G. S. Brady (pp. 1—56, pis. i—v).

V The Fossil Trigoniaj, No. II, by Dr. Lycett (pp. 5'3—92, pis. x— xix).

„ XXIX. 1875

The Flora of the Carboniferous Strata, Part IV, by Mr. E. W. Binney (pp. 97—147,
pis. xix—xxiv).

The Fossil Ecbinodermata, Cretaceous, Vol. I, Part VII, by Dr. Wright (pp. 225—264,
pis. liii—Ixii).

The Fossil Trigoniffi, No. Ill, by Dr. Lycett (pp. 93-148, pis. xx— xxvii).

The Fossil Reptilia of the Mesozoic Formations, Part II, by Prof. Owen (pp. 15—94,

pis. iii—xxii).

„ XXX. 1876

The Carboniferous and Permian Foraminifera (the genus Fusulina excepted), by Mr.
H. B. Brady (pp. 1—166, pis. i— xii).

Supplement to the Fossil Brachiopoda, Vol. IV, Part II, No. 1 (Jurassic and Triassic),

by Mr. Davidson (pp. 73— 144, pis. ix—xvi).

Supplement to the Reptilia of the Wealden (Poikilopleuron and Chondrosteosaurus),
No. VII, by Prof. Owen (pp. 1—7, pis. i—vi).

XXXI. 1877

f
Supplement to the Eocene Mollusca (Bivalves), by Mr. S. V. Wood, 2 plates.

The Fossil Trigonia), No. IV, by Dr. Lycett (pp. 149—204, pis. xxviii—xl).
The Eocene Mollusca (Univalves), Part IV, by Mr. S. V. Wood (pp. 331—361, pi. xxxiv).

The Carboniferous Ganoid Fishes, Part I (Palseoniscida)), by Dr. Traquair (pp. 1—60,
pis. i—vii).

The Fossil Reptilia of the Mesozoic Formations, Part 111, by Prof. Owen (pp. 95-97,
pis. xxiii, xxiv).

The Fossil Elejihants (E. antiquus). Part I, by Prof. Leith Adams (pp. 1—68, pis. i—v).

„ XXXIL' 1878

The Fossil Ecbinodermata, Cretaceous, Vol. I, Part VIII, by Dr. Wright (pp. 265—300,
pis. Ixii A, Ixiii— Ixix).

Index and Title Page to the Fossil Ecbinodermata, Oolitic, Vol. I (Echinoidca), by Dr.
Wright (pp. 469—481).

The Fossil Merostomata, Part V (Neolimulus, &c.), by Dr. H. Woodward (pp. 181—263,
pis. xxxi—xxxvi, and title-page).

Supplement to the Fossil Brachiopoda, Vol. IV, Part II, No. 2 (Jurassic and Triassic),

by Mr. Davidson (pp. 145—242, pis. xvii—xxix).
The Lias Ammonites, Part 1, by Dr. Wright (pp. 1—48, pis. i— viii).

The Sirenoid and Orossopterygian Ganoids, Part I, by Prof. Miall (pp. 1—32, pis. i, i A,

ii— v).

Supplement to the Reptilia of the Wealden (Goniopholis, Petrosuchus, and Sucho-
saurus), No. VIII, by Prof. Owen (pp. 1—15, pis. i—vi).

The Pleistocene Mammidia, Part A (Preliminary Ti-eatise), by Prof. Boyd Dawkins

(pp. i—xxxviii).
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Vol. XXXIII.' Issued for tbe
Year 1879

XXXIV.' 1880

XXXV.' 1881

XXXVl. 18S2

XXXVII. 1883 {

XXXVIII.' 18S4

The Eocene Flora, Vol. I, Part I, by Mr. J. S. Gardner and Baron Ettingsbausen (pp,
1—38. pis. i—v).

Second Supplement to the Crag Mollusca (Univalves and Bivalves), by Mr. S. V. Wood
(pp. i, ii, 1—58, pis. i—vi, and title-page).

The Fossil Trigoiiia), No. V, by Dr. Lycutt (pp. 205—245, pi. xli, and title-page).

The Lias Ammonites, Part 11, by Dr. Wright (pp. 49—164, pis. ix—xviii).

Supplement to the Hej^tilia of the Wealden (Guniopholis, Brachydectes, Nannosuchus,
Thcriosuchus, and Kuthetes), No. IX, by Prof. Owen (pp. 1—19, pis. i— iv).

The Fossil Elephants (E. primigenius), Part 11, by Prof. Leith Adams (pp. 69—146,
pis. vi—xv).

The Eocene Flora, Vol. I, Part II, by Mr. J. S. Gardner and Baron Ettingsbausen

(pp. 39—5S, pis. vi—xi).

The Fossil Echinodermata, Oolitic, Vol. II, Part 111 (Asteroidea and Ophiuroidea),
by Dr. Wright (pp. 155—203, pis. xix—xxi, pp. i—iv, and title-page).

Supplement to the Fossil Bracbiopoda, Vol. IV, Part III (Permian and Carboniferous),
by Mr. Davidson (pp. 243—316, pis. xxx—xxxvii).

The Lias Ammonites, Part 111, by Dr. Wright (pp. 165—264, pis. xix—xl).

Tbe Reptilia of the London Clay, Vol. II, Part 1 (Cbelone), by Prof. Owen (pp. 1—4,
pis. i, ii).

r The Fossil Echiiioaerraata, Cretaceous, Vol. I, Part IX, by Dr. Wright (pp. 301-324,
pis. ixx-lxxv).

Supplement to tlu; Fossil Bracbiopoda, Vol. IV, Part IV (Devonian and Silurian,

from Budleigb-Salterton Pebble Bed), by Mr. Davidson (pp. 317—3ii8, pis.

xxxviii— xlii).

The Fossil Trigonia3 (Supplement No. 1), by Dr. Lycett (pp. 1—4).
The Lias Ammonites, Part IV, by Dr. Wright (pp. 265—328, pis. xxii A, xxiiB,

xli—xlviii).

The Reptilia of tbe Liassic Formations, Part III, by Prof. Owen (pp. 83—131, pis.

xxi—sxxiii, and title-page).

Tbe Fossil Elephants (E. primigenius and E. meridionalis). Part III, by Prof. Leitb

Adams (pp. 147—265, pis. xvi— xxviii, and title-page).

The Eocene Flora, Vol. I, Part III, by Mr. J. S. Gardner and Baron Ettingsbausen

(pp. 59—86, pis. xii, xiii, and title-page).

Third Supplement to the Crag Mollusca, by tbe late Mr. S. V. Wood (pp. 1—24, pi. i).

Tbe Fossil Echinodermata, Cret., Vol. I, Part X, by Dr. Wright (pp. 325—371, pis.

Ixxvi—Ixxx, and title-page).

Supplement to the Fossil Bracbiopoda, Vol. IV, Part V, by Dr. Davidson (pp. 369—383,
and title-page).

Do., Vol. V, Part I (Devonian and Silurian), by Dr. Davidson (pp. 1—134, pis.

i-vii).

The Lias Ammonites, Part V, by Dr. Wright (pp. 329—400, pis. xlix—Hi, Hi a,

liii-lxix).

Tbe Eocene Flora, Vol. II, Part I, by Mr. J. S. Gardner (pp. 1—60, pis. i—ix)

The Trilobites of the Silurian, Devonian, &c.. Formations, Part V, by tbe late Mr. J. W.
Salter (pp. 215—224, :ind title-page).

Tbe Carl)..in.;ruus 'I'rilobites, Part I, by Dr. H. Woodward (pp. 1—38, pis. i—vi).

Supplement tu llic Fossil Bracbiopoda, Vol. V, Part II (Silurian), by Dr. Davidson

(pp. l:j.j—212, pis. viii—xvii).
Tbe Fossil Trigonia) (Supplement No. 2), by tbe late Dr. Lycett (pp. 5—19, pis. i— iv.

and title-pMge).

, Tbe Lias Amuionites, Part VI, by Dr. Wright (pp. 401—440, pis. ixx—ixxvii).

The Eocene Flora, Vol. II, Part II, by Mr. J. S. Gardner (pp. 61—90, pis. x—xx).

Tbe Carboniferous Entomostraca, Part I, No. 2, by Prof. T. Rupert Jones, Mr. J. W.
Kirkby, and Prof. G. S. Brady (pp. i—iii, 57—92, pis. vi, vii, and title-page).

The Carboniferous Trilobites, Part II, by Dr. H. AVoodward (pp. 39—86, pis. vii—x,
and title-page).

Supplement to tbe Fossil Bracbiopoda, Vol. V, Part III, by Dr. Davidson (pp. 243—476,

pis. xviii— xxi, and title-page).

The Lias Ammonites, Part VII, by Dr. Wright (pp. 441—480, pis. Ixxviii—Ixxxvii).
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Vol. XXXIX. ' Issued for th

Year 18851

The Eocene Florn, Vol. II, Part III, by Mr. J. S. Gardner (pp. 91-159, pis.

xxi— xxvii, and title-page).

The Stromatoporoids, Part I, by Prof. AUeyne Nicholson (pp. i—iii, 1—130, pis. i—xi).

The Fossil Bmchiopoda (Bibliography), Vol. VI (pp. 1—163), by the late Dr. Davidson
and Mr. W. H. Dalton.

The Lias Ammonites, Part VIII, by the late Dr. Wright (pp. 481—503, pi. Ixxxviii, and
title-page).

XL.i

XLL'

XLII.'

1887

18S8

The Morphology and Histology of Stigmaria Ficoides, by Prof. "W. C. Williamson
(pp. i—iv, 1—62, pis. i—xv).

The Fossil Sponges, Part I, by Dr. G. J. Hinde (pp. 1—92, pis. i—viii).

The Jurassic Gasteropoda, Part I, No. 1, by Mr. W. H. Hudleston (pp. 1—56).
The Inferior Oolite Ammonites, Part I, by Mr. S. S. Buckman (pp. I—-4, pis. i—vi).

The Pleistocene Mammalia, Part VI, by Prof. Boyd Dawkins (pp. I—29, pis. i—vii).

The Fossil Sponges, Part II, by Dr. G. J. Hinde (pp. 93—188, pi. ix).

The Palajozoic Phyllopoda, Part 1, by Prof. T. K. Jones and Dr. Woodward (pp. 1—72,
pis. i—xii).

The Jurassic Gasteropoda, Part I, No. 2, by Mr. W. H. Hudleston (pp. 57—136, pis.

i— vi).

The Inferior Oolite Ammonites, Part II, by Mr. S. S. Buckman (pp. 25—56, pis.

vii—xiv).

The Stromatoporoids, Part II, by Prof. Alleyne Nicholson (pp. 131—158, pis. xii

—

xix).

The Tertiary Eutomostraca (Supplement), by Prof. T. Rupert Jones and Mr. C. D.
Sherborn (pp. 1—55, pis. i—iii).

The Jurassic Gasteropoda-, Part I, No. 3, by Mr. W. H. Hudleston (pp. 137—192, pis.

vii—xi).

The Inferior Oolite Ammonites, Part III, by Mr. S. S. Buckman (pp. 57—144, pis. xv
xxiii a).

The Devonian Fauna of the South of England, Part I, by the Rev. G. P. Whidborne
(pp. i, ii, 1—46, pis. i—iv).

Title-pages and Prefaces to the Monographs on the Reptilia of the Wealden and
Purbeck (Supplements), Kimmeridge Clay, and Mesozoic Formations, and
on the Cetacea of the Red Crag.

XLIII.'

The Cretaceous Bntomostraca (Supplement), by Prof. T. Rupert Jones and Dr. G. J.

Hinde (pp. i—viii, 1—70, pis. i—iv).

The Jurassic Gastei'opoda, Part 1, No. 4, by Mr. W. H. Hudleston (pp. 193 -224, pis.

xii—xvi).

The Inferior Oolite Ammonites, Part IV, by Mr. S. S. Buckman (pp. 145—224, pis.

xxiv—xxxvi).

The Devonian Fauna of the South of England, Part II, by the Rev. G. F. Whidborne
(pp. 47— 154, jjls. V—viii, viii A, ix—xv).

XLIV.

XLV.

1890-

f
The Stromatoporoids, Part III, by Prof. Alleyne Nicholson (pp. 1 59—202, pis. xx—xxv).

The Fossil Echinodermata, Cretaceous, Vol. II, Part I (Asteroidea), by Mr. W. Percy
Sladen (pp. 1—28, pis. i—viii).

The Inferior Oolite Ammonites, Part V, by Mr. S. S. Buckman (pp. 225—256, pis.

xxxvii—xliv).

The Devonian Fauna of the South of England, Part III, by the Rev. G. F. Whidborne
(pp. 155—250, pis. xvi—xxiv).

Title-pages to the Supplement to the Fossil Corals, by Prof. Duncan.

The Jurassic Gasteropoda, Part I, No. 5, by Mr. W. H. Hudleston (pp. 225—272, pis.

xvii—xx).

The Inferior Oolite Ammonites, Part VI, by Mr. S. S. Buckman (pp. 257—312, pis.

xlv—Ivi).

The Devonian Fauna of the South of England, Part IV {Conclusion of Vol. I)

(pp. 251—344, pis. xxv—xxxi, and title-page).

Vol. II, Part I, by the Rev. G. F. Whidborne (pp. 1—56, pis. i
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cover ; secondly, with each of the Monographs separate, and the whole of the separate parts placed in an envelope.



27

CATALOGUE OF VOLUMES-Continued.

Vol. XLVl.'

XLVIIJ

XLVIII.

„ XLIX.

Issued for the

Tear 1892

1893

1895

L.»

LI.

,, LIL' 1898

The Stromatopoi-oids, Part IV {Conclusion), by Prof. Alleyne Nicholson (pp. 203

—

23-i, pis. xxvi—xxix, and title-page).

The Palaeozoic Phyllopoda, Part II, by Prof. T. R. Jones and Dr. Woodward (pp. 73—
124, pis. xiii—xvii).

The Jurassic Gasteropoda, Part I, No. 6, by Mr. W. H. Hudleston (pp. 273—324, pis.

xxi—xxvi).

The Inferior Oolite Ammonites, Part VII, by Mr. S. S. Biickman (pp. 313—344, pis.

Ivii—ixxvi).

The Devonian Fanna of the South of England, Vol. II, Part II, by the Rev. G. F.

Whidborue (pp. 57—88, pis. vi— x).

[ The Fossil Sponges, Part III, by Dr. G. J. Hinde (pp. 189—254, pis. x— xix).

The Fossil Echinodermata, Cretaceous, Vol. II, Part II (Asteroidea), by Mr. W. Percy
Sladen (pp. 29-66, pis. ix—xvi).

The Inferior Oolite Ammonites, Part VIII, by Mr. S. S. Buckman (pp. 345—376, pis.

Ixxvii—xcii).

The Devonian Fauna of the South of England, Vol. II, Part III, by the Rev. G. F.
Whidborne (pp. 89—160, pis. xi—xvii).

The Jurassic Gasteropoda, Part I, No. 7, by Mr. W. H. Hudleston (pp. 325—390, pis.

xxvii— xxxii).

Carbonicola, Anthracomya, and Naiadites, Part I, by Dr. W. Hind (pp. 1—80, pis.

i—xi).

The Inferior Oolite Ammonites, Part IX, by Mr. S. S. Buckman (pp. 377—456, pis.

xciii—ciii).

The Fishes of the Old Red Sandstone, Part II, No. 1, by Dr. R. H. Traquair (pp. 63—
90, pis. XV—xviii).

The Crag Foraminifera, Part II, by Prof. T. R. Jones (pp. 73—210, pis. v—vii).

The Jurassic Gasteropoda, Part I, No. 8, by Mr. W. H. Hudleston (pp. 391—444, pis.

xxxiii—xl).

Carbonicola, Anthracomya, and Naiadites, Part II, by Dr. W. Hind (pp. 81—170, pis.

xii—xx).

The Devonian Fauna of the South of England, Vol. II, Part IV, by the Rev. G. P.
Whidborne (pp. 161—212, pis. xviii—xxiv).

The Crag Foraminifera, Part III, by Prof. T. R. Jones (pp. 211—314).
The Jurassic Gasteropoda, Part I, No. 9, by Mr. W. H. Hudleston (pp. 445—514,

pis. xli—xliv, and title-page).

Carbonicola, Anthracomya, and Naiadites, Part III, by Dr. W. Hind (pp. 171—182,
pi. xxi, and title-page).

The Carboniferous Lamellibranchiata, Part I, by Dr. W. Hind (pp. 1—80, pis. i, ii).

The Devonian Fauna of the South of England, Vol. Ill, Part 1, by the Rev. G. F.
Whidborne (pp. 1—112, pis. i—xvi).

The Crag Foraminifera, Part IV, by Prof. T. R. Jones (pp. vii—xv, 315—i02, and
title-page).
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M O N O G R A P H

THE BllITISH MAMMALIA

PLEISTOCENE PEIIIOD.

THE CAVE HYiENA.

Order-CARNIVORA.

Family— II Yil^N 11)^.

Gcmis— IIytena.

Species

—

lIijcEna crocula, Erxleben.

I. HISTORICAL INTRODUCTION.

The early history of the recognition of remains of the hyaena in Europe is dealt with

by Cuvier, and much use has been made of his account in the following pages.

The first evidence for their occurrence is afforded by a figure of part of the right

mandibular ramus given by Kundmann in his ' Rariora Natuifc et Artis,' published in

Breslau in 1737. He regarded this as similar to that of a calf, but its hjocnine nature

was recognised by Cuvier.

Thirty-seven years later (1774), Esper figured bones from Gailenreuth—an atlas

which lie regarded as hyaenine, but which Cuvier says is that of a bear,— and some

teeth, which he regarded as belonging to a lion, but which Cuvier says are hysenine.

Again, in 1784, Collini gave an excellent figure of a hyaena skull found near

Mannheim. Unfortunately, however, he was disposed to regard it as perhaps that of

a seal.

I
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The first full account of the cave hyaena was that given by G. Cuviei' in 18L2.' He

mentioned a nunihcr of Continental localities in which bones of hy?cnas had been found,

and considered that the fossil hyosna was distinct from any living species, basing his

opinion at that time mainly on the great size of many of the fossil bones.

The occnrrence of the cave hyoena in England was first clearly established by Dean

Buckland in his account of the Kirkdale Cavc.^ The full title of this important paper,

which was published in LS:22, is " Account of an Assemblage of hossil Teeth and Bones

of Elephant, Rhinoceros, Hippopotamus, Bear, Tiger, Hyaena, aud sixteen other Animals

discovered in a Cave at Kirkdale, Yorks, in the year 1821, with a Comparative View of

five similar Caverns in various parts of England, and others on the Continent." In this

paper, and in his ' Reliquiae Diluvianac' (1824), he clearly showed that the caves iu which

the hyoena bones were found were the actual dens of the animals.

Buckland's discovery of hyaena remains at Kirkdale was closely followed by Clift

and Whidbey's discovery of them at Oreston, near Plymouth.^

Goldfuss,* writing in 1823, was the first to apply the distinctive name Ili/ana speJaa

to the cave hyaena. He gave a detailed comparison with figures and measurements of

the bones of the cave species and of the spotted hyaena.

1\\ the second edition of the ' Osscmens Eossiles ' (1823), Cuvier, in giving a further

account of the cave hyaena, referred specially to what he held to be the differences

between it and the spotted hyaena, and mentioned, with regard to the metacarj)als

and metatarsals, that all the bones measured were, without exception, shorter and

thicker in the cave hyaena than in the spotted hyrena. With regard to the teetli, however,

the general tendency of his remarks iuiplies that it is imj)ossible to distinguish those of

the one from those of the other.

Meanwhile the discovery and study of hyaena remains w^ere actively pursued on the

Continent, and a number of new species of hyaena, some allied to the living //. crocata

and some to the living //. striata, were described l)y Croizet and Jobert' (1828), and by

Marcel de Serres, Uubrueil, and Jeanjean" (1839). Throughout the first half of the

nineteenth century little doubt apparently was felt by palosontologists that the cave

hysena was distinct from the spotted hyaena. Thus de Blainville^ (1814), Pictet
^

(184-4), and Owen'-' (1840) all accej)ted this view. De Blainville discusses ihe question

in detail [vide postea), and bases his opinion mainly on the form of the upper molar.

The first palaeontologist to express strong doubts as regards the specific distinction

of the cave and the spotted hyaenas was Gaudry ^° (1863), but J^oyd Dawkiiis," writing

in 1865, was the first definitely to conclude that no distinction could be drawn between

1 'Oss. Foss.,' ed. 1, iv. -' < pi^ji Trans.,' cxii (1), p. 171.

3 'Phil. Trans.,' cxiii, p. 88. * ' Saiig. Vorw.,' vi.

^ ' Oss. Foss. Piiy tie Dome.' " ' Oss. Luuel Viel.'

7 ' Osteograpliic,' livr. 14. » ' Traite Paleont.,' i, p. 180.

« ' Brit. Foss. Mamm.,' pp. 1:38—160. i" ' Bull. Soc. Geol. France ' (2), xx, p. 404.

" ' Nat. Hist. Eev.,' n. s., v, p. 80.
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11. spclccn ;iii(l //. crocuta. lie laid stress on the variable character of the tubercular

portion of the lower carnassial, and considered that several of the supposed species that

had been founded by Croizct and Jobert, and by de Serres, Dubriieil,. and Jeanjenn,

mainly on variations in this tooth, were not valid, but were varieties of the cave hycena

{vide 2)oslea). In his paper on the niaininal fauna of the Crcswell Crags,^ published in

1877, the same author says that, after comparison of the skulls of 11. crocala and //.

spelcca, he has been unable to detect points of difference of specific value, and definitely

states that he believes the two to be identical.

Busk, however, writing in the same year,^ while recognising the close relationship

between the two forms, said that he did not consider it proved that //. i<j)chca was a

mere variety of //. crocuta.

Since the publication of Boyd Dawkins' paper in 1863, almost all authors have

acce[)ted the view of the identity of the two forms. This has been done, for example, by

Newton^ (1883), Lydekker* (1884-5), Forsyth Major ^ (1885), Woodward and

Sherborn" (1890), Gaudry^ (189:2), and ZitteP (1893); so that the fact of their identity

may be considered to lie clearly established. Schlosser," however, expresses doubt as to

their identity, nuiinly on account of the geographical distribution of //. crocuta at the

present day.

A later phase in the study of h\ienas has been the discussion of the mutual relation-

ships of the fossil forms, and the probable ancestry of the living ones. This subject has

been most fully dealt with by Lydekker,^" Schlosscr,'' and Gauclry,' Lydekker, basing

his opinion largely on its occurrence in the Pleistocene Caves of Karnul, in the Madras

Presidency, considers that Uijana crocuta originated in India, being derived from the

Siwalik (Lower Pliocene) llyccna Colvini, Lyd. The lower carnassials of the two forms

agree closely, especially as regards the development of the cingulum, differing chiefly in

the relatively large development of the hind talon in //, Colvini. Schlosser derives the

cave hyaena, and eventually Jl. crocuta, from the Up[)er Pliocene //. Perrieri of Croizet

an.l Jobert. He derives //. Perrieri from an unknown form whose nearest ally was //.

sivaleusis, and he regards //. Colvini as altogether off the line of descent in question.

Gaudry also derives //. crocuta (including the cave hya:na) from //. Perrieri, but ex|/ressly

states that he has not taken account of the Indian species, not being personally

accpiainted with their fossil remains. The subji'ct of the mutual relationship of the

different species of hyyena lies, however, too much beyond the scop:; of the [)resent

monograph to be fully dealt with.

1 ' Q. J. Geol. Soc.,' xxxiii, p. 59G. - ' Trans. ZdoI. S .c.,' x (2), p. 53.

5 ' Geol. Mag.,' 1883, p. 433.

* 'Pal. ludica,' ser. 10, ii, p. 275 ;

' Catal. Yoa-i. Mauim. Brit. Mus.,' i, p. 69.

» ' Q. J. Geol. Soc ,' xli, p. 1. '' 'Catal. Brit. Foss. VorL,'

7 'Mater. Hist. Temps Quat.' (1-J, [>. IIG. '^ 'Haiidb. PaliBout.,' iv, p. GGl.

'J ' Beitr. Pal. Oiterroicli-Uiigariis,' iii, p. 29. "' ' Pal. Iirlie i,' ser. 10, ii, p. 310.
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It may be well here to refer to the reported occurrence of hyaenoid animals in North

America. In iiis paper on "The Extinct Dogs of North America," 1883, Cope
^

described a form from the Upper Miocene beds of Nebraska and New Mexico, which he

named jMurodon Wheclcrianus. He grouped this with the Canidse, but nevertheless

suspected it to be the ancestor of the Hya3ni(la3, a view which Schlosser ^ accepts, altering

Cope's name to ProJij/dna. In 189.2, Cope ^ published a brief reference to a hyoena-

likc form from the Pliocene of Texas, which differed fro\n Hi/(sna proper in having a

fourth premolar in the lower jaw, and ])robably a shorter blade to the sectorial tooth

of the upper jaw. lie named this Borophagm divcrsidciis. Lastly, in 1895, Cope*

founded a new species of Jlijana {II. inrxpcdala) on a tooth from a fissure at Port

Kennedy, Pennsylvania, which Lydckkcr^ suggests may prove to belong to a Nimravtis'

11. DISTRIBUTION IN BRITAIN AND ELSEWHERE.

While a number of Tertiary species of hyaena have l)een recognised on the Continent,

only detached teeth of this genus have hitherto been discovered below the Forest Bed in

Britain." From the latter horizon, however, at Corton Cliff, Suffolk, hyscna remains were

described by Newton^ in 1883. These consist of the canine, and second, third, and

fourth premolars, all from the upper jaw, and all clearly referable to //. crocula. It is

thus evident that the animal was an immigrant from the continent of Europe in Pliocene

times. In this respect it resembles the cave bear and horse, with which its remains

are often associated, and differs from the lion, which does not appear to have reached

England till Pleistocene times.

In these times the hya3na was extremely plentiful in England. Its remains

are not infrequent in river gravels, but its almost universal occurrence in cave deposits

shows that in the Pleistocene period it was essentially a cave dweller as it is at the

present time. The fact that these caves were the actual dens of the hysenas, in which

they lived and died, is clear from the frequent occurrence of coprolites, of splintered and

gnawed bones, and of the teeth of young individuals. Referring to the state of the

bones in the Robin Hood Cave, Boyd Dawkins ® says :
" With few exceptions the solid

bones arc alone perfect, the long bones containing marrow, and the vertebra} being

represented merely by gnawed fragments. All the lower jaws have lost their angles

and corouoid processes, and the number of teeth stands in a greater ratio to the number

of bones than would have been the case had not their possessors fallen a prey to a bone-

1 ' Amcr. Nat.,' xvii, p, 243. - ' Beitr. Pal. Osterreicb-Uiigarns,' iii, \). 25.

3 ' Atuer. Nat.,' xxvi, p. 1028. * ' Proc. Ac. Nat. Sci. Pbilad.,' 1805, p. 446.

5 'Zool. Record,' 1895, p. 28.

" Hyiena antiqua, Laiikester, 'Ami. Mag. Nat. Hist.,' sei'. o, vol. xiii, 1864, p. 56, pi. viii, figs.

5, G, from EoJ Crag, Suifolk.

. 7 < Gcol. Mag.,' 1883, p. 433. •** ' Q. J. Geol. Soc.,' xxxii, p. 245.
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destroying aniiual," This description would tip))!}' ccpially well to the state of the

bones in almost all the caves in which hyijcna remains occur; and the fact that the

bones of the h\a;na itself are often found gnawed and splintered shows that the animal

was sometimes compelled to feed on its own kind.

The following is a list of British localities in which renuiins of hyocnas have been

found. Boyd Dawkins^ published a similar list in 1SG9, and the nund)er of localities

hiis not been much added to since that datc.^

Caves and Fissures.—Bleadon, Someiset; Boughton fissure, Maidstone; Blackroek

fis>ure, Tenby ; Bench and other caves, Biixham ; Burrington, Somerset ; Calay Cave;

Cae Gwyn, North Wales; Cefn, near St. Asaph; Cheddar; Coygau Cave, near

Laugliarne, Carmarthen ; Creswell Caves, Derbyshire ; Durdham Down, Bristol

;

Ffynnon Beuno, North Wales; Gower Caves (Bacon Hole, Cat's Hole, Caswell Bay,

Crow Hole, Long Hole, Minchin Hole, Paviland, RavensclilT, S[)ritsail Tor) ; Hntton,

Somerset; Hoyle ; Ightliam fissure, Kent; Kirby Moorside ; Kirkdale, Yorkshire;

Oreston, Plymouth; Baygill fissure, Yorkshire; Sandford Hill, Somerset; Torquay

(Kent's Hole and Tor Bryan) ; Uphill, Somerset ; Victoria Cave, Settle ; Wookey Hole,

Somerset ; Yealm Bridge, Devon.

While the majority of the above were caves of occupation, in some instances, such as

Uphill, the bones occur in fissures whose connection with any cave of occupation, though

})robable, has not been proved. In such cases the bones were [)robably swept into the

fissures by water action.

Localities other than Caves and Fissures.—Aymestry, Brentford, Dogger Bank, Erith,

Fisherton near Salisbury, Grays, Lawford near Rugby, Maidstone, AYalton in Essc.k,

Weston-super-Mare, Yarmouth.

While at the present day Ilijcena crocuta is found only in Africa south of the Sahara,

it appears from the above lists that in Pleistocene times it ranged over England and

Wales as far north as Y''orkshire, not, however, reaching Scotland or Ireland. It has

been recorded from caves over the whole of continental Europe, from Spain and Sicily to

Poland. One of the most interesting records of the occurrence of the cave hyaena

is that from the Karnul Caves in the Madras Presidency.'^ The importance lies in the

fact that the area of distribution of the cave hyicna is thei'cby connected with that of

the closely allied Pliocene crocutinc hyycuas, such as //. Coloini. Hence it becomes

probable that it was in India that the cave hyaena originated, spreading thence into

Europe in late Pliocene times.

For the purpose of the present monograph the bones found in the Somersetshire

caves, and especially the vei'y large series from Wookey Hole, preserved in the Taunton

Museum, have proved most useful. The series includes two almost complete skeletons

' 'Quart. Jouni. Geol. Soc.,' xxv, \). ll»k

Sec also Woodward aud Sherboru, ' Catal. Brit. Foss. Vert.,' iHltO, p. 354.

'^ Ljdekker, 'Pal. ludica,' sor. 10, iv, p. 30.
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roin|)osc{l of associated I)oiies. Tlicso, which are here referred to ns skeletons A and B,

liave furnished the great majority of the bones fignreci, and may be brietly describech

Skeleton A.—This includes the cranium (PI. I, and PI. II, fig. 1), of wliieii the

occipital region, sagittal crest, ])aiatal plate, dentition of left side, and a considerable

portion of the left zygomatic arch are well preserved, 'l^he mandible is missing. The

vertebral column is nearly conn)lete, lacking oidy the caudal vertebrae. The left scapula

is fragmentary, but the rigiit one is fairly well preserved, having the coracoid and glenoid

borders unfortunately much broken. The right anterior limb is in a remarkably perfect

state except for the loss of some of the small bones of the nianus ; but the left limb lacks

the distal end of the ulna and the proximal end of the radius. The ribs and the sternum

are wauling. Both ossa innominata are in a fairly perfect state (PI. XII). The right

posterior limb is comi)lete except for the loss of some of the small bones of the pes ; but

the left fibula is wanting.

SMdon i^.—The skull (PI. II, fig. 2) is nearly perfect, the mandible (PI. Ill,

figs. 2, 3) being associated with the cranium. The chief parts lacking are the zygo-

matic arches, and the incisors and canines of the upper jaw. The posterior end of the

sagittal crest is damaged. The mandible lacks nearly all the incisor teeth, and has the

left condylar region in a fragmentary state. The vertebral column lacks the first thoracic

and the first and second lumbar, as well as the caudal vertebrae, but is otherwise in good

condition. The left os innominatum is nearly complete, but the other parts of both limb

girdles are in a fragmentary state. All the long bones of both anterior and posterior

limbs are well j)reserved, except the left fennu-. The left fibula shows a growth of bone

(exostosis) such as one generally meets with in menagerie skeletons.

The other bones and teeth figured are from the Creswell Caves, Derbyshire, the Tor

Bryan Caves, Torcpiay, and Kirkdale Cave, Yoikshire. All measurements are given in

centimetres.

In the preparation of this monograph I have i-eceived much kind hel[) from Professor

Boyd Dawkins, Mr. Sherborn, and Dr. Smith AVoodward, and to them my best thaidcs

are tendered. I am also greatly indel)ted to Mr. II. St. G. Gray, to Mi'. lioyle, and to

Professor Sollas for facilities in the examination and figuring of specimens preserved in

the Taunton Castle, Owens College, and Oxford University Museums ; and finally to Mr.

J. Green for the great amount of care and trouble he has take n in drawing eight of the

plates.

III. DliSCUIPTION OP THE REMAINS.

A. Tnic Skull (Phites 1,11, 111).

(1) Disdnclioc Fcalnras of Ike Skull in Ihe Geiiii^ Ifi/rena.—There arc many note-

worthy featuies in which the skull of llijcena contrasts markedly with that of Fells and
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Canis, nearly all of these features l)eiiig noted many years ago 'ny Ciivier ^ and de Blain-

ville." They may be summarised as follows :

'J'lie face is short, the cranium narrow behind the orbits and below the ears, giving

rise to very wide and deep tem[)oral fossae. The mandible is even shorter than in Fclis^

and has the salient angle more marked. The sinuses are very large, occupying the

whole sagittal crest from the frontal to the siipra-occi[)ital. They are large also in the

occipital crest, which is formed by the supra-occii)ital without the addition of any inter-

parietal. The sinuses in the occi[)ital crest often have irregular openings to the surface.

The auditory bulla is simple and undivided by a septum, in this respect differing from that

of Felis. There is no alisphenoid canal. The pterygoid is prolonged into ])rominent,

backwardly directed, and sometimes hooked processes. The post-glenoid process of the

squamosal is better marked than in Fdis and Canis. In some cases processes of the

premaxillcC and frontals meet and separate the nasals from the maxillae, while in most

cases the nasals and maxilhjc are in contact for a short space ; iu the genera Ft'lis ami

Ccmis the nasals and maxillae are united along a wide surface.

(2) Differeitces hclween the Skull of the L'wincj Ilyoeiia ci-ocuta and those of Hyaiua

striata and Ilysena brunnea.—This subject was fully dealt with by Cuvier and

de Blainville, and subsequently by Busk.^ The points of difference are as follows :

1. The space partially enclosed between the truncated ends of the nasal bones is

relatively wider, and its posterior opening is less acute in H. cracuta than in //. striata.

2. In //. crocuta the auditory ])ulla is considerably more inflated than in H. striata.

3. The mastoid process of the [)eriotic is more compressed in //. striata than in

//. crocuta.

4. The anterior palatine foramina are relatively larger in H. striata than in //. crocuta.

5. The rotundity and fulness of the [)arietal region of the skull is greater in H.

crocuta than in //. striata.

G. The sagittal crest, as noted by Cuvier, is more compressed and distinct in IL striata

than in //. crocuta.

7. The post-orbital process of the frontal is less prominent in //. crocuta than in

H. striata.

8. The pteiTgoid process is narrower in //. crocuta than in //. striata.

9. The zygomatic arch is less arched in //. crocuta than in //. striata.

10. The angle of the mandible is more pronounced in //. crocuta than iu //. striata.

11. Tlie jawbones and zygomatic arch are thicker iu //. crocuta than iu //. striata.

^ ' Oss. Foss.,' od. 3, iv, p. 381. ^ ' Osteographio : Hyenes,' p. 10.

^ ' Jourti. Linn. Soc. (Zool.),' ix, p. 59.
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(3) Table op Comparative Measurements of Hyaena Sku LLS.

-;

s
i g ^ •s

Is
•Sag 2 =K

.1
.go

i
«3 ii e--|

J J

ft!

6

III

i

ill

a
i

III

o

1"

Ill

III
if
ft

ill

""I
1

II
"^

1. Length from inter-

condylar notch to

anterior end of

skull 200 247 236 22 55 22-3 24-65 24-7 22-5 25-6 20-1

2. Extreme width
across zygomatic
arches 15-2 17-G 1705 16-75 18-05 ' 19-9 17-5 14-8

3. Vertical heightfrom
suture between ba-

sioccipital and basi-

sphenoid to top of

sagittal crest 7-8 9'8 9-95 9-3 9-6 10-95 10-35 9-5 7-9 11-6 10-7 9-1 8-1

4. Width immediately
above lachrymal
foramen 4-0 6-1 6-55 6-1 5-35 6-65 6-75 5-6 6-15 6-6 5-35 4-25

5. Width between ends
of post-orbital pro-

cesses 7-5 8-0 8-1 7-4 8-6 8-2 9-8 7-2 9-9 8-5 8-55 8-0

6. Width measured
from alveolar bor-

ders immediately
above last upper
premolars 8'7 11-3 10-95 10-7 11-7 126 12-7 12-4 9-7 8-15

7. Minimum width be-

low foramen lace-

rum anterius 0-9 1-65 1-75 1-7 1-6 1-65 1-65 2-1 2-05 1-7 1-7 0-9 1-25

8. Diameter across oc-

cipital condyles . .

.

4-4 5-2 4-4 5-25 5-25 5-6 5-75 5-6 4-35

9. Transverse diameter
of foramen magnum 1-9 1-7 2-25 2-1 2-1 2-2 ... 20 2-0

10. Maximum diameter
of anterior narial

opening 2-4 3-3 2-7 2-8 2-8 3-4 3-2 3-2 2-4 2-15

11. Maximum length of

right mandibular
ramus 16-5 19-8.5 19-8.5 18-7 18-95 18-85 17-651 21-25 18-45 1615

12. Transverse measure-
ment of one condyle 3-25 4-6 46 4-1 4-45 4-4 3-2 4-11 5-05 4-4 3-2

13. Height from angle
to top of coronoid
process 6-35 8-9 8-7 8-2 8-05 8-75 9-9 8-3 7-05

I am not aware whether those mandibles belong to the crania measured.

B. Dentition (Plates IV, V).

(1) Dhiinciive Fcadircs of tlic Teeih in the Genus Hi/ana.—The dental formula of

Uycena is i. f c. | pni. f ni. \, as coinpared with i. f c, y pni. f m. \ in Felis, and

i. f c. Y pm. f in. f in Canis and JJrsns. In the upper jaw the incisor teeth pro-

gressively increase in size, so that there is no such marked contrast between i. 3 and c.
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as there is in Felis (see Pi. IV, fig. 1). Tlie canines are less powerful than in Ursus wwA

Felts, and are oval in transverse section, without any longitudinal groove or angle

separating the inner third. Pin. 3, pm. 3, and pni. 4, tlie large and powerful bone-

crushing teeth, are very characteristic, as is the form of the carnassial tcetii. The features

of the teeth will be now more fully described.

(2) Permanent Dentition of the JJpper Jaw (see PI. IV).— I. 1 and 2 show a

prominent anterior cone or cus[) separated by a groove from a depressed posterior area,

which is divided by a second groove into right antl left cusps. These teeth have wide

laterally compressed and somewhat squarely truncated roots.

I. 8 is a much larger caniniform tooth, with a marked ridge specially developed antero-

externally where it encroaches on the crown. The root is massive and subcylindrical.

C. The canine has the usual form. Its crown forms about one third of its length,

and is not traversed by grooves, as in the Pelidije. It is thickest in the middle, and

tapers nearly as rapidly towards the end of the root as towards the tip of the crown. It

is not always easy to distinguish between an upper and a lower canine, but Dawkins

remarks that the iipper differs from the lower by the absence of the lateral curvature

of the root.

Pm. 1 is a small one-rooted tooth. Its crown forms a low, somewhat incurved cone

traversed by a longitudinal ridge.

Pm. 2 is a stout tooth with a low cone and small accessory cusps placed internally

and {)osteriorly. The base of the crown is surrounded by a well-marked cingulum, and

the tooth is fixed in the jaw by a pair of stout, subequal, and only slightly divergent roots.

Pm. 3 is a far larger and stronger tooth than pm. 2. The crown forms a stout,

slightly incurved cone. The cingulum is strongly developed, and is much thickened

posteriorly and antero-internally, sometimes forming irregular cusps from which marked

ridges ascend the cone. The tooth forms a powerful bone-crusher.

Pm. 4 is the upper carnassial, and is larger than any other molar or premolar tooth

in either jaw. Tlie long trenchant blade is divisible into three lobes : an anterior one,

the smallest of the three, and forming little more than a large cusp ; a middle one which

rises into a jjoint; and a posterior one which is the longest of the three, and is divided

from the middle one only by u deep narrow notch. On the inner side of the first lobe

is a large but low inner tubercle. There are three roots, two smaller ones placed side

by side anteriorly, and a very lai'ge laterally compressed posterior root.

M. I is not represented in the Pritish Museum set figured on PI. IV. Dawkins

describes it as follows •}—"Very small, cquilateral-triaugidar, and supported by two fangs,

of which the anterior and outer is by far the snniller; the posterior supporting the two

posterior angles is enclosed in an alveolus with very delicate walls, which would soon

disa[)pear by ab3or[)tion after the loss of the tootli."

(3) Pcniiaaent DeutUion of the Lower Jaw (see PI. IV).—Tiie three incisors are all

1 ' Nat. Hist. Eev.,' ii. s., v, 1865, p. 90.
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teeth of much tlie same form, progressively increasing in size to a slight extent when

followed backwards.

O has a low crown with a simple transversely extended trenchant edge; the root is

three times as long as the crown, and is laterally compressed.

LIj differs from iH in being slightly larger and in bearing a small cusp on its

outer side.

I. S is again a good deal larger, and has a more conical, less transversely extended

crown. It has a small but well-marked cusp on its outer side, and sometimes a slight

indication of a cusp on its inner side, these features being in each case due to tlie

enlargement of the cingulum. The root is much wider anteriorly than posteriorly, so

as to be nearly triangular in section.

C. is much like that of the upper jaw, and has the inner side of the crown marked

by two slight ascending ridges. The root is slightly more outwardly twisted than is the

case with the upper canine, and it frequently, at any rate, tapers rather more rapidly to

the point of implantation than is the case with that of the upper canine.

Pm. 1 is absent.

Pm. 2 is much like ])m. 2. The crown forms a broad but low cone springing

from a very marked cingulum. A groove separates off a posterior cusp from the main

part of the cone, while sometimes a second but less distinct groove marks off an

anterior cusp. Of the two roots the posterior is the larger, and the anterior has its tip

bent backwards,

Pm. 8 is a powerful conical tooth much resembling pm. 3. It has a very stout

cone surrounded by a cingulum, least developed on tlie outer face, and thickened

posteriorly into a fairly well-marked cusp. From this cusp, and from a slighter thicken-

ing on tlie anterior face, faint lidges ascend to the top of the cone. The two roots arc

stout, subcylindrical and subeqnal, the anterior being slightly the longer.

Pui 4 is intermediate in character between pm. 2 and pm. 3 just described.

The crown is traversed by a strong ridge dividing it into subequal right and left halves.

At the anterior end is a small cusp; then follows a [)rominent cone, and lastly a large

and somew'hat irregular cusp.

M. 1, the carnassial tooth of the low'er jaw, has a very large trenchant blade divided

by a deep groove into two i)arts, the relative i)ro])ortion between which is variable, but

the anterior is somewhat the larger. Tlie cingulum is well marked, especially on tlie

antero-outer side and posteriorly, where it merges into the much reduced tubercular

j)ortion of the tooth to form a small talon or cusp. This cusp is subject to a large

amount of variation in different specimens, and upon these variations several supposed

species have been based by French [)aliJBontologists. The principal variations, which are

fully described by Dawkins,* are as follow :

1. A ridge passes obliquely across the tulierclc towards the posterior part of the

1 ' Nat. Hist. Kt;v.,' ii. s., v, i). 92.
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bliulc, (roiu which it is separated l)y ;> sniall cleft without any cusp; this is ihc most

common form.

2. A small cusp intervenes between the aforesaid ridge and the blade (characleristic

of //. intermedia, de Serres, Dubrueil, and Jcanjean).

3. In place of the ridge occurring in 1 is a groove dividing the inner from the outer

part of the tubercle, which thus becomes bilobed. The cusp occurring in 2 is not

I)rescnt (//. Perricri, Croizet and Jobert).

Boyd Dawkins states that these are all to be regarded as mere variations of the

typical form, and by no means as characters of specific value. In this view he has been

followed by most subsequent writers.

(4) Differences beiwcen the TeclJi of the Livin(j llyaciia crocuta and those of IIya?na

striiita and llyccna brunnca.—Tlie many and marked differences between the teeth of

//. crocuta and those of //. striata and //. hrunnea were long ago described by

de Blainvillc^ and by Busk,^ and may be summarised as follows :

1. In //. striata and H. brunnea the upper molar is triradicular^ and tricuspid, and

rarely measures less than 0'5 by 0'2 iuch, being considerably larger than that of

//. crocuta. In 11. crocuta it is normally biradicular (occasionally monoradicular) and

bicuspid, and is often absent (as in five skulls examined at the British Museum).

2. In //. striata and H. brunnea the three lobes of the upper carnassial (pm. 4)

arc subcqual antero-posteriorly, while in //. crocuta the last lobe is more than twice as

long as the first. This fact was noted by Cuvier.*

3. In //. striata and H. brunnea there is a more or less distinct accessory point on

the inner side of the posterior cusp of the lower carnassial (m. 1), which is absent or

less developed in 11. crocuta. Cuvier noted the occurrence of this accessory j)oint, and

says it disappears with age. The lower carnassial is relatively much smaller in //. striata

than in //. crocuta, whose low^er carnassial approaches somewhat closely to that of the

Eel id 03.

4. The second upper premolar is relatively smaller and the third larger than in

//. striata, so that the contrast between the second and third is much greater in

//. crocuta than in II. striata, l^usk stated that the third upper premolar is also

somewhat obliquely truncated behind in //. striata, while in //. crocuta it is square

behind. This, however, is not particularly apparent in the British ]\Iuseum skulls.

In //. striata the second lower premolar has an anterior accessory cusp better developed

than in //. crocuta.

5. The first, second, and third upper j)rcmolars in If. striata have the anterior cusp

better developed than in H. crocuta.

1 ' Osteographie, Hycnes,' p. 21. ' Trans. Zool. Soc.,' x (2), p. 77.

3 According to dc Blainville, as noted \>j Da-\vkins (' Nat. Hist. Kev,,' u. s., v, p. 81), the molar

is monoradicular.

* ' Oss. Foss.,' cd. 3, iii (1825), p. 399.
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G. Li 11. .shiafa nnd 11. brvnvca llic fccoiid and third prciiiolors, Ijolli up])er and

lower, arc jjlared with the long axes oblique to the line of the alveolar border, while in

//, crocula this is not so.

(5) Table of Measurements of the Permanent Teeth.

Tor Bryan oaves, Torquay (Brit.

Mus).,'fig. PI. IV. m^ 1 is from
Wookey Hole.

1. Antero-posterior extent at

base of crown

2. Maximniu transverse
measvirenient

3. Maxinmni length

4. Measvirfments taken frcm
notch between roots to top
of crown

1-0 1-35 0-7 1-4

4-15 6-3 2-05 2-25

1-2

0-5 0-55 0-6 0' 1-C5 1-7 2-2 I 2-25

0-4 0-55 0-8 1-35 1-3 1-55

2-3 2-55 3-6 G-2 2-75

1-05

4-5

2.5

(6) Succession of Teeth in liyana.—This subject lias been dealt with by Boyd

Uawkins/ who mentions that in the uppei- jaw tlie fiist tooth to a])pear is pni. 1. In

the lower jaw, to judge by two specimens in the British Museum, c. and i. 1 appear

first, followed by the large carnassial tooth m. 1, and by pni. 2; the other premolars,

pm. 3 and 4, appearing somewhat latei-.

Boyd Uawkins mentions that the first teeth to disa])pear in the adult hyaena are the

large bone-crushers pm. 2 and 3, and pni. 3 and 4 ; these teeth are always very

much worn in the middle-aged adult, while pm, 1 and pm. 2 show scarcely any

trace of wear.

(7) Distinctive Features of the Decid/fous Dentition of the Genus Ihjftna.—The

formuLi for the deciduous dentition in Hijcena is d.i. f d.c. \ d.m. |-, as in Canis and

JJrsus, as compared with d.i. f d.c. \ d.m. f in FeJis.

I have not had an opportunity of examining the deciduous incisors, but de Biainville

notes that they differ from those of the adult in having the crown quite undivided.

There is no noteworthy difference in the canines. The most distinctive teeth are the

deciduous carnassials d.m. 3 and d.m. 4.

D.m. 1. The only example of this tooth that I have seen is that shown in PI. V, fig. 5.

The fragment of the upper jaw showing deciduous dentition figured in PI. V, figs. 3, 4,

bears no trace of its alveolus. Dawkins- describes it as follows :
—"Trenchant, conical,

and slightly incurved. Its anterior base, narrower than the posterior, bears a small cusp,

while the posterior generally exhibits a slight thickening without the cusp. Sometimes,

' ' Nat. Hi.st. Rev.,' n. s., v. 2 Iliia., V,
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however, tlic nrcessory cusp is develo|)C(l bcliiiul and suppressed before. The crown is

snj)poited by two fangs, cylindrical and divaiicant, the jjosterior being by far tiic stouter."

D.m. 2 is a simple conical tooth with no marked accessory cusps. The base is

slightly wider posteriorly than anteriorly. There are two strong roots, tiie posterior

being the larger. They do not diverge so much as do those of d.m. 1.

D.m. 3, the milk cariiassial, has much the same general form as the permanent

carnassial, and consists of a long sectorial portion and an inner tubercle. The sectorial

portion shows two small cusps placed anteiiorly and obliquely, and two large subequal

blades separated from one another !)y a deep and narrow notch. The inner tid)ercle which

arises from the anterior half of the blade is low, but extends a long way inwards.

There are three roots, a small one supporting the inner tubercle, and two large divergent

ones supporting the main part of the tooth.

D.m. 4, as noted by Dawkins, is remarkable for its size, and its resemblance to m. 1

in JJi/aiia sfriaia. Its crown is shaped like an isosceles triangle with a broad forwardly

directed base. The three angles are connected by a stout ridge, and each is supported

by a divergent root.

D.m. 3 is a simple conical tooth with two marked accessory cusps, though occa-

sionally small cusi)s may be developed at either end of the tooth. The base of the

crown is wider posteriorly than anteriorly, and of the two roots, which diverge strongly,

the posterior is the thicker.

D.m. 3 consists of a well-marked median cone and two small cusps, one placed

antero-internally, the other posteriorly. On the inner side of the posteiior cu*p is a

small accessory ridge. There are two divergent cylindrical snbeqnsd roots.

D.m. 4 is the carnassial tooth. Ds cutting edge is divided into two subequal

blades separated from one another by a cleft. Separated from the posterior blade by a

well-marked groove is a large tubercle which usually shows indistinct division into three

little cusps. Boyd Dawkins notes that occasionally all three cusps are suppressed, and

the ridge which takes their place is cleft posteriorly, giving the tubercular portion a

slightly bilobcd apj)earance.

(8) Measurements of the Deciduous Teeth.

Upper.

Teeth in frap^ment of jaw fromCreswell
Cave, figured in PI. V, figs. 3 and i.

Teeth in fragment of jaw from
Brixham (Brit. Mus.).

d.m. 2. d.m..,. d.m. 4. d.m. 2. d.m. 3. djn. 4^

Maximiini antero-posterior measurement ...

Maximum transverse measurement of crown

Measurement from notch between roots to

top of crown

1-5

OG

0-75

2-2

0-75

0-9

0.

1-4 0-7

2 2

0-8

...

08

1-35
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.

(8) Meastjeements op the Deciduous Teeth (cnntinned).

LOWEE.

Teeth in jnw fi-om Kent's Hole, Tor-
quay, figured in PI. Ill, fig. 4 iBrit.

Mus. No. 1743).

Teeth in jaw from Kirkdale Cave
(Brit. Mus. No. 36).

..^. dm. 3. d.m. 4.

21

0-7

...

d.m. 2. d.m. 3. d.m. 4.

Maximum antero-posterior measurement ...

Maximum transverse mcasixrcnient of crown

Measiirement from notch between roots to

top of crown

1-0.5

0-05

0-Co

1-45

0-75

0-8

10.5 1-5

0-55 07

205

0G5

c. The Vertebral Column (Pis. VJ, VII, VIII).

(1) Disiinctive Feait(resof the Verichral Cohniifiof iJie Gams Bycena.—'Ilicic are not

many distinguishing features cliaracterising tlie vertebral column in Thjana as compared

with that in other Carnivora, Twenty is the regular number of thoraco-himbar vertebra)

in the great majority of Carnivora, but the relative proportion of thoracic to lumbar

varies from thirteen thoracic and seven lumbar in Felis, Canis, and Viverra, to sixteen

thoracic and four lumbar in Arctomjx collaris. In Hyana there are fifteen thoracic to

five lumbar vertebrae.

The small size of the thoracic vertebral ecu Ira, and the rapid decrease in the length of

the neural spines when followed back, arc features characterising Hyccna, The first

sacral vertebra is a good deal larger than the others, causing the sides of the pelvis to

converge posteriorly as in Ursiis, instead of being approximately parallel as in Canis.

(2) Disihiciive Features of the Vertebral Column in the Different Sjjecies of Living

JFi/ana.—There seems to be no marked difference between the vertebi-al columns of

H. crocuta and //. striata, except that in //. crocuta the sacrum includes four vertebrae,

while in H. striata there are three. There are only eighteen caudal vertebrae in

//. crocuta, as compared with twenty-three in R. striata. Most of the vertebiae are

more massive in 11. crocuta than in //. striata, and the size of the vertebrae when

followed back decreases somewhat more ra})idly in the former than in the latter species.
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(3) Tables of Compakative Measurements of Hy^na Vertebe^.

No. 522 (College of
Surgeonsj.

11. apeltfa = crocuta, II. speltea = crociitaj

Wookey (Tauutou
|

Wookey (Taunton
Museum), skeleton a.: Museum;, skeleton b.

Atlas.

Maximum width
Median dorso-ventral diameter
Extreme width of the condylar articular

surfaces

Maximum width of neural canal

Axis.

Length from anterior end of odontoid
process to postero-ventral extremity
of centrum

Height from roof of neural canal to top
of neural spine . ...

Transvex'se diameter across prezygapo-
physes

Transverse diameter across postzygapo-
physes

Length from anterior end of neural
spine to notch between postzygapo-
physes

12-9

3-9

7-0 7-3

3i 3-7

4-9 52

5-13 5-3.

liG
3-9

Figured.

3rd cervical. 4th cervical. 51,h cervical.

s irt ifl •s irt
jj- s

g-
«fl

tfi nli m
S5§ \&i fll nil

^%m
ill iP is}lm ttl III ^i^ III III

^ ^^ ^ ttj? fei^ '/^ t«i^

Maximum length of centrum
taken from the dorso-anterior

to the ventro-posterior edge 4.-8 •1.-65 ' 50 4-93 5-0 51 4-9 5-1 4-95

Length from antero-dorsal to

postero-dorsal extremity of

the centrum 3-2 3-35 3-35 3-55 30 3G5 3-5 3-3 30

Width across transverse pro-

cesses 7-5 8-1 7-2 HU5 7'8 7-4 7-45 7-9 7-7

Width across postzygapophyses 5-8 G-8 60 5-G G-85 5-95 5-65 G-75 61

Height from roof of neural
canal to top of neural spine 21 20 1-95 2G 2-55 215 2-4

' Figured.

Note.—The letter a or b a^jpuaring after a bone indicates that it forms part of skeleton a or skeleton
described on p. G.
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Comparative Measurements of Hyaena VERTEBBiE (continued).

Cth cervical. 7th cervical.

fl
1'

II.

M.

crocuta.

No.

522

(College

of

Surgeons).

11^-

Maximiim length of centixim

from dorso-anterior to ventro-

posterior edo"e 4-9

G-3.3

2-15

4-25

5-01

3-2

7-45

6-8

3-2

5-25

4-8

3-25

7-4

5-9

8-2

5-3

4-11

2-85

7-6

5-9

3-2

8-0

5G

Length from dorso-anterior to
dorso-posterior edge of cen-

trum

"Width across transverse pro-

cesses

Width across postzygapophyses

Height from roof of neural
canal to top of neural spine ...

Length of inferior lamella of

Figured.

l&t thoracic. 2nd thoracic. 3rd thoracic. 4th thoracic.

1
'A

lit ill

4-15

3-4

7-95

c R •<

ill

SI
d

1 1 .

o a -< 11^

111
lit

ill

3-4

30

6-5

8-95

III
^^

2-35

2-8

2-6

6-0

7-75

Length from dorso-anterior to dorso-

posterior cdce of ccntriim

4-35

7-6

30

5-9

4-3

7-8

2-9

r>-9

4-5

7-9

4-1

3-4

6-85

8-0

6-6

2-5

3-35

3-35

G-8

9-75

2-55

3-3

2-9

0-75 6-2

Width across prezygapophyses

Width across postzygapophyses

Width across transverse processes...

Length of neural spine from notch
between prezygapophyses
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Comparative Measurements of HviENA Vertebra (continued).

!

5th thoracic. 6th thoracic. 7th thoracic. 8th thoracic. 9th thoracic.

•s
,-

i"d
<«

•£ rt

,-
f?

g-
•2 S "S ' « rt •2 a

•^

i?

it l¥ «l5 n^ ^%^ w W I|b 4^^ w C a c

SI
m
Wi

ill
II €|

ttli
llti

ill^ ill aiSM
III
lis ill

Maximum Icngtli of cen-

"A ^^ Sli^ 8 ^' ^•^
'A h;^ ^^ ^ t.-^ ^^ » t^^ ^^

trum 2-65 2T) 2-45 2T) 2-5 ... 2-5 2-7 2-65 26
Width across transverse

processes Ol 6-5 (V45 5-8 5-85 S-So 5-55 6-05 5-7 4-8 o'4 5-55 5-25 5-45

Length of neiiral spine
from notch between
prezygapopliyses ... 7'75 8-7 7-85 7-5 6-8 715 0-95 6-35

Maximum length of cen-

10th thoracic. nth thoracic. 12th thoracic. 13th thoracic. Uth thoracic.

trum 2-(i 2-(i 2'05 205 2-8 2-7 2-7 2-8 1 30 295
Width across transverse

processes 5-5 5'25 5-55 5-0 4-8 4-7 4-45 4-45 4-25 4-2 4-2

Length of neural spine
from notch between
prezygapophyses ... 5-45 4-95 ... 4-1 4-15

1st lumbar. 2nd lumbar. 3rd lumbar. 4th lumbar. 5th lumbar.

ii

'A
6

If,

'A

11,
•s

1"

^ — i

.s"a

r
1

2-85

4-6

305

42

4-15

275

4-5

31

4-15

I-

4

i)0

2-9

4-15

7-95

335

4-10

8-9

1-9

0-7

3-45

4-3

8-8

1-9

0-8

2-95

4- 15

3-4'

375

3-9

121 10-6

2-8

3G

3G

311

9-7

3-5

275

Width across processes bearing
prezytj-apophysos

Height of neural spine measured
from roof of neural canal

Diameter across transverse pro-

Sacral.

Maxinuiin transverse

dijimoter of 1st (true

sacral) vertebra
'

Height of centrum...
Height of noTiral canal

Figm-ed.

3
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D. TiiK Ribs and Sternum.

Hj/ana possesses fifteen pairs of ribs, which are much arched, causing the cavity of

the chest to be lar<fe as coniparecl with that in Cani.s, and very hii'gc as couii)ared Avitli

that in Felis. The sternum includes eight sternebrse. Neithei" ribs nor sternum present

any features of special importance.

E. The Shoulder Girdle (PI. IX).

The scapula in II. crociila is straightcr, and the postscapular fossa relatively smaller

than in //. striata. The coracoid process is very little marked in Ilyaina, and the clavicle,

which is minute and more or less oval in outline, is entirely suspended in the muscles.

Table of Measurements or the Scapula.

II. crocnta,
No.522iCollegeof

Surgeons).

H. nulma = crocida,
Creswell (Owens
College Museum).

H. »i)el<ea = crocnta,
Wookey (Taunton

Museum), a.

Length along- line of spine 17-8 19-55 ' 20-95

Antero-posterior diameter of neck •i-2 0-25 4-6

Maximum length of glenoid cavity 4-45 4-5 4-5

Diameter from highest point in spine

to point on inner surface of scapula
4-95 4-25 4-0

Length from end of coracoid process

to surface of bone behind glenoid
cavity 6-0 GO

Figured.

F. The Anterior Limb (Pis. X, XI).

The humerus of Ilijceua is a well-marked bone. Its form is short and robust, with

an exceptionally large great tuberosity. The condyle is larger and more pronounced

than in Canis, the radial j)art being specially large. The deltoid crest extends further

down the shaft in //. crocnta than in II. striata. The humerus differs from that of

Canis, Ursus, and Mustela in nearly always having a supra-trochlear foramen. There is

no entepicondylar foramen such as occurs in Canis and Mustela, and neither an

ectepicondylar foramen nor crest occurs.

The manus of Ili/ana differs from that of all other Carnivora in having the pollex

rc[)resented by only a rudimentary metacarpal, which resembles a sesamoid bone. The

metacarpals are longer and less enlarged above the [)halangeal articulation than in Felis.
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Tablks of Comparative MEAsuRHMENTf

n. crocnia.

No. 622 (College of
Surgeons).

H, upelaea = crociila,

Wookey (Taunton
Museums a.

If. sprlitn — crocuta,
Wookey (Taunton

Museum), b.

//. »pelita = croeiifa,

Cresvvell (Owens
College Museum).

IItIMIiRU8 (rig-lit).

21-6

G-4

3-2

2-2

505

405

22-3

;{-8

5-9

4-7

23-8'

6-7

4-3

2-4

5-85

4-55

5-6

4-4

Diameter of proximal end passing

across centre of articvilating surface

and greater tu1lerosity

j

Vertical diameter of shaft at middle of

1
deltoid ridge

Transverse diameter at same point

Maxinmm transverse diameter at distal

end

Maximum uidth of trochlea

Figured.

IT. crocuta.
No. 522 (College of

Surgeons).

TT. upelcea = crocuta,
Wookey {Taunton

Museum), A.

JI. gpeliBa = crocuta,
Wookey (Taunton

Museum), b.

II. speUa = crocuta,
Creswell (Owens
College Museum>.

Eadius (right).

21 Go 21-9 21-9 >

Right and left or transverse measurement
at humeral articulation 3-1 3 3-3 3

Anteroposterior or vertical measurement
at humeral articulation 2-05 2-25 21

Transverse diameter at carpal articulation 4-1 3-95 4-55

Vertical diameter at carpal articulation .

.

2-7 2-5 2G5

Transverse diameter at middle of shaft ... 2-05 2-25 2-65 2-35

Vertical diameter at middle of shaft 12 14 10 1-6

Ulna (right).

Extreme lencth 2i-15

4-7

2505

4-G

25-3

5-1 4-3Maximum vertical measurement

Maximum transverse measurement of

olecranon 2-55 215 2-95

Transverse diameter at carpal articulation 115 1-1 1-2 ...

Vertical diameter at carpal articulation .

.

1-8 rs 1-6

Figured.
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Table of Comparative Measurements (continued).

H. croctita.

No. 522 (College of
Surgeons).

H. spelaa = crocida.
Tor Bryan, Torquay

(Brit. Mus.).

II. upelaa = crocuta,
Wookey (Taunton

Museum).

L'^ncth of first metacarpal .,

1

2-3.5 ' 3-:?.';

'

7-7

8-9,5

8-75

7-1

„ second metacarpal 7-5

9-2

9-0

7-6

'7-G

8-1.5

8-(i

7-45

ionvth. metacarpal

„ fifth metacarpal

' Figured.

The above meastirements tend to confirm Cuvier's observation that the metacnrpnls

of the cave hyaena are relatively shorter than those of the living spotted hvfciia.

G. The Pelvic Girdle (PL XII).

The pelvis of Hi/ana is characterised by its shortness, its comparatively large size,

and its obliquity with regard to the sacrum. The ilium is decidedly laiger in proportion

to the size of the animal than in bears, and is j)rolonged into an anterior downwardly

directed hook.

Tables of Measurements.

S. croeiifa.

No. 522 (College of
Surgeons).

S. spelaa = crocuta,
Wookev (Taunton

Museum), a.

Right Innominate Bone.

19-55

111

22-5'

12-GLength from acetabulum to border of ilium

10 55 10-9

Thickness of ilium at middle of surface 0-95 0-95

Antero-posterior diameter of acetabulum ... 3-25 3-55

Length from acetabulum to posterior border
of ischium 4-85 G-5

Left Innominate Bone.

Maximum diameter of obturator foramen ... 4-1 5-15 1

Measurement along ischium from symphysis
7-5

' Figvired.

H. The Posterior Limb (Pis. XIII, XIV).

The intercondylar notch of tlie femur is less deep than in Canis. The cnemial crest

of the tibia gradually dies away instead of being strongly truncated as in Canis. The

hallux in Hyaena, as in Ca7iis and Fdis, is represented only by a vestigial metatarsal.
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Tablrs of Measurements.

11. crocula.
No. 522 (College of

Surgeons).

H. speltea = erocufa,

Wookey (Taunton
Museum), a.

U. spelaa = crocula,
Wookey (Taunton

Museum), b.

Eight Femdb.

23-7

51
3-25

25

{J-35

18-9

53

525
405
2-45

1-75

25-7 1

55
3- 15

1-9

235

(i-9

201

5-3

5-4

3 9
2-6

1-8

260
53
3 15

19

2-35

55

19-9'

5 25
4-2

2-85

215

Antero-posterior dianiotor of hoad
Vertical or antero-i)ostoi-i<ir iliiimctor of

shaft at middle
Transverse or right to left diameter of

shaft at middle
Transverse diameter at proximal end

measured across head and great
trochanter

Eight Tibia.

Maximum length
Transverse or right to left diameter at

proximal end
Vertical or antero-posterior diameter at

proximal end measured from notch
>fl'twoon articulating surface for

fciiuu' aii.l (op ,,r rrcst

Traiisv.Ts.' <li;iinc((T :it distal end

Transverse diameter at narrowest part
of shaft

Figured.

H. crocuta,
No. 522 (College of

Surgeons).

I£. spelaa = crocuta,
Wookey (Taunton

Museum), b.

S.»pel,Ba= erocufa.
Tor Bryan, Toniuay

(Brit. Mus.).

IvioHT Fibula.

Maximum length
Transverse (liiijiiet<'r at distal end
Vertical diauictci' at distal end

17-8

1-25

2-10

10
1-4

5-9

2-8

315

1-75

7-35

8-4

8-2

7-2

17-85

1-25

215
0-9

1-4

6-7

2-8

3-7

i's
8-0

7-95

6-75

Transverse (liaiil<'ti r at proximal end ...

Vertical diameter at proximal end

Calcaneum.

Length
Maximum transverse diameter

Astragalus.

Eio-ht to left diameter

Metatarsals.

Length of first metatarsal ..

„ second metatarsal

„ third metatarsal

fifth metatarsal
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IV. CONCLUSIONS.

The evidence for tlie view tliat the Ilyana from the caves is a species distinct from

the modern //. crociita may now be more fully considered.

Olivier,^ writing in 1825, mentions the following features as characteristic of

H. spelaa

:

1. The upper surface of the skull is less arched than in //. crocuta, and the temporal

ridges do not unite so quickly to form a sagittal crest.

2. Ail the bones of the metacarpals and metatarsals measured are without exception

shorter and thicker than in //. crocuta.

Reference is also made to the relatively thick character of the bones in the cave hyaena

by Gaudry,^ who concludes that the animal was more thick-set than its living repre-

sentative, and suggests that it may have had a more crouching gait.

Cuvier remarks, however, with regard to the teeth, that it is imjiossible to distinguish

those of H. spelaa from those of //. crocuta.

De Blainville^ gives the following features as characteristic of iZ". spelaa

:

1. The form of the upper carnassial with the large size of the third lobe (talon).*

2. The absence of the inner cusp on the tubercular portion of the lower carnassial.

3. The size, which is \ larger than in //. crocuta.

4. The greater extension and compression of the occipital crest.

5. The increased thickness and shortness of the muzzle.

6. The increased thickness and shortness of the limb bones.

He remarks that of these characters the least important is the increased relative size,

and the most important the increased thickness of the limbs and elevation of the

occipital crest. Relative size depends on conditions of life, and comparisons as regards

size have too often been made between fossil individuals at the maximum of their

development, owing to savage life, and individuals raised in menageries. The character

of the occipital crest also differs much, according to the age of the animal.

Owen ^ states that the upper true molar in H. spelaa is monoradicular, and quotes

this as a character distinguishing //. spelaa from //. crocuta. Dawkins," on the other

hand, shows that the tooth in question is sometimes mono-, sometimes bi-radicular,

and that the method of implantation cannot be quoted as a character of specific value.

The modern view that there is no specific distinction between //. spelaa and

//. crocuta was first clearly stated by Boyd Dawkins in 1865," and is now almost

universally accepted.

1 ' Oss. Foss.,' ed. 3, iv, p. 396.

2 ' Mater. Hist. Temps Quat.' (4), 1892, p. 118. » ' Osteograpliie, Hyeues,' p. 39.

* I cannot trace any difference as regards the form of the ui>per carnassial or the size of the

third lobe between H. speleea and H. crocuta.

^ ' Brit. Foss. Maniiii.,' p. 150. ^ ' Nut. Hist. Eev.,' n. s., v.
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The aieasiirements quoted above, however, show that some of the skulls of the cave

hyaena, especially those from the German caves, are considerably larger than those of

any modern hyaina measured. They also show that it is true that the metacarpals of

the cave hya3na tend to be shorter than those of the modern forui, heuce it seems

reasonable to follow Gaudiy ^ in regarding the cave liya;na as a distinct race of

//, crocula.

V. BIBLIOGRAPHY.

1737. J. C. Kunduiann, ' Rariora Naturae et Artis.' Breslau.

1774. J. F. Esper, ' Ausfilhrliche Nachricht

—

Z)jlithen, B;iyroutli.' Niirnberg.

1781. C. CoUini, ' Acta Ac. Thcod. Palat.,' v. Mannheim.

1801. J. C. Rosenmiiller, ' Beitr. zur Geschichte—fossile Knochen.' Weimar.

1805. G. Cuvicr, " Sur Ics Ossemcns fossiles des Hyenes," 'Ann. Mus. Hist. Nat.,'

vi, p. 127.

1810. G. A. Goldfuss, 'Die Umgcbung von Muggcndorf.' Erlangen.

1812. G. Cuvier, ' Reclierches sur les Ossemens fossiles,' iv, p. 390.

1822. W. Buckland, " Accouut of an Asseuiblage of Fossils—Kirkdale Cave," ' Pinl.

Trans.,' 1822, p. 171.

1823. W. Clift and J. Whidbey, " On some Fossil Bones—Oreston," ' Phil. Trans.,'

cxiii, p. 88.

1823. G. A. Goldfuss, ' Siitigethiere der Vorwelt,' vi.

1824. W. Buckland, ' Reliquia3 Diluvianae.' London.

1825. G. Cuvier, 'Reclierches sur les Ossemens fossiles,' ed. 3, iv, p. 38).

1828. J. B. Croizet and A. C. G. Jobert, ' llecherches sur les Ossemens fossiles du

Departement du Puy de Dome.'

1828. S. T. von Sommering, ' Ueber die gcheilte Verletzung eines fossilen Hyiinen

Scluidels.'

1828. J. de Christol and A. Bravard, " Memoire sur les nouvelles Fspeces d'LIyenes

fossiles," ' Mem. Soc. Hist. Nat., Paris,' iv, p. 3G8.

1833. P. C. Schmerliug, 'Reclierches sur les Ossemens fossiles—Cavernes do Liege,'

ii, ch. iv.

1839. Marcel de Serres, ,). M. Dubrucil, and H, Jcanjcan, ' Ivecherches sur les

Ossemens huuuitiles des Cavernes dc Lnnel Viel.'

1841. 11. M. D. de Blainville, ' Osteographie,' livraison 14.

1844. F. J. Pictet, ' Traite de Paleontologie,' i, p. 180.

1845. C. G. Giebel, "Die fossile Hyane," ' Isis ' (Oken), 1845, i, p. 483.

184G. R. Owen, 'A History of British Fossil Mammals, etc.,' [)p. 138—IGO.

1 ' Muter. Hist. Temps Quat.' (4), i).
122.



24 PLEISTOCENE MAMMALIA.

1859. J. MacEnery, ' Cavern Researches.'

1800. H. Falconer, " On the Ossiferous Caves—Gower," ' Quart. Journ. Geol, Soc.,' xvi,

p. 487.

18G3. A. Gaudi-y, " Sur les Liens que les Hycnes fossiles ctablissent eutre les Ilyenes

vivantcs," 'Bull. Soc. Geo). Franco' (-2), xx, p. 404. Summary in 'Quart.

Journ. Geol. Soc.,' xx (2), p. 4.

18G5. W. Boyd Dawkins, "On the Dentition of Ili/ana spelaa and its Varieties, with

Notes on the Recent Species," ' Nat. Hist. Rev.,' n. s., v, p. 80.

18GG. W. Boyd Dawkins and W. A. Sanford, ' The British Pleistocene Mammalia,'

Part 1, Mon. Palaeont. Soc.

18G7. 11. Micks, "Discovery of a Hyaena Den near Langharne, Carmarthenshire,"

' Geol. Mag.,' iv, p. 307.

1868. H. Falconer (Notes on Hyaena), ' Palaeont. Memoirs,' ii, p. 4G4.

18G8. G. Busk, " On the Cranial and Dental Characters of the Hysenidse," ' Journ. Linn.

Soc.,' ix, p. 59.

1869. W. Boyd Dawkins, "On the Distribution of British Post-glacial Mammals,"

' Quart. Journ. Geol. Soc.,' xxv, p. 192.

1870. W. Pengelly, " Tiie Literature of the Caves near Yealmpton," 'Trans. Devon.

Assoc.,' iv, p. 81.

1873. G. Busk, " Report on the Exploration of Brixham Cave—Animal Remains,"

'Phil. Trans.,' clxiii, p. 471.

1874. W. Pengelly, "Report on the Windmill Hill Cavern, Brixham," 'Trans. Devon.

Assoc.,' vi, p. 779.

187G. W. Boyd Dawkins, " On the Mammalia and Traces of Man found in the Robin

Hood Cave," ' Quart. Journ. Geol. Soc.,' xxxii, p. 245.

1877. W. Boyd Dawkins, "On the Mammal Fauna of the Caves of Creswell Crags,"

' Quart. Journ. Geol. Soc.,' xxxiii, p. 59G.

1877. G. Busk, "On the Ancient or Quaternary Fauna of Gibraltar," 'Trans. Zool.

Soc.,' x (2), p. 53."

18S0. P. N. Bose, "Fossil Carnivora from the Siwalik Hills," ' Quart. Journ. Geol.

Soc.,' xxxvi, ]). 130.

1883. E. D. Cope, "On the Extinct Dogs of North America," 'Amer. Nat.,' xvii,

p. 243.

1883. E. T. Newton, " On the Occurrence of the Cave Ilyocua at C )rton Cliff, Suffolk,"

'Geol. Mag.,' 1883, p. 433.

1884. R. Lydekker, "Post-tertiary and Tertiary Vcrtcbrata ; Siwalik and Narbada

Carnivora," 'Palaeont. Indica,' ser. 10, ii, p. 275.

1885. 11. Lydekker, 'Catalogue of the Fossil Mammalia in the British Museuui,'

pt. 1, p. G9.



HYiENA CROCUTA. 25

1885. C. 1. Forsyth Major, "On the Mammahaii Fauna of the Val d' Arno," 'Quart.

Journ. Geol. Soc," xli, ]). 1.

1886. A. Gauchy, " Notes sur les Hyenes de hi Grotte de Gargas/' ' Bulh Ilebd. Assoc.

Sci. France,' 9-10, p. 341.

1880. R. Lydekker, "Fauna of the Karnid Caves," 'Mem. Geol. Surv. India,' iv (2),

p. 30.

1886. F. Regnault, " Un repau-e d'Hvenes dans hi Grotte de Gavgas," ' Bull. Soc.

Sci. Phys. Nat. Toulouse,' xix, [). 30.

1886. II. Hicks and W. Davies, " Result of Recent Researches in some Bone Caves in

North Wales (b'fynnon Beuno and Cae Gwyn), with a Note on the Animal

Remains," ' Quart. Journ. Geoh Sou.,' xlii, p. 3.

1889. K. A. Weithofer, " Die fossilen Hyiinen des Arnothales in Toskanen," ' De)d<:schr.

k. Ak. Wiss. Wiei),' Iv, p. 337.

1890. A. Smith Woodward and C. Davies Sherborn, ' A Catalogue of British Fossil

Vertebrata,' p. 353. London.

1890. M. Schlosser, " Die Affen . . . und Carnivoren des europaischen Tertiars,"

' Beitr. zur Palaont. Oesterreich-Ungarns,' viii, p. 24.

1891. E. T. Newton, "The Vertebrata of the PHocene Deposits of Britain," ' Mem. Geol.

Snrv. United Kingdom,' p. 6.

1892. E. D. Cope, " A Hyaena and other Carnivora from Texas," ' Amer. Nat.,' xxvi,

p. 1028.

1892. A. Gaudry, ' Materiaux pour I'histoire des temps quaternaires.' Paris.

1893. C. Grevc, "Die geographisehe Verbreitung der Ilyaniden und Caniden," ' Zool.

Jahrb.,' f. v, ]). 400.

1893. K. A. von Zittel, ' llandbucli der Palaontoh)gie,' iv, j). 061. Leipzig.

1894. E. T. Newton, "On the Vertebrate Fauna of the Ightham Fissure," 'Quart.

Journ. Geol. Soc.,' 1, j). 201.

1895. E. D. Cope, "Fossil Vertebrata from a Fissure at Fort Kennedy, Pa.," ' Proc. Ac'

Nat. Sci. Philad.,' p. 446.

1897. A. Pomel, " Monographic des Carnassiers fossiles (piaternaires de I'AIgerie,"

' Comptes rendus/ c\xiii, p. 889.







Fig.

1. Palatal view

2. Dorsal view

PLATE T.

Cave Hy/Ena.

Cranium.

(Two thirds natural size.)

Skull A from Wookey Hole, now in the Taunton Museum.

a. Supra-occipital.

b. Occipital condyle.

d. Post-orbital process of frontal.

e. Jiigal.

/. Anterior [)alatine foramen.

(/. Auditory bulla.









PLATE II.

Cave liYyENA.

Craniam and Mandible.

(Two thirds natural size.)

Fig.

1. Cranium A seen from the left side.

2. Cranium and mandible B seen from the right side.

a. Sagittal crest.

b. Occipital condyle.

d. Post-orbital process of frontal.

e. Jugal.

f. External auditory meatus.

(/. Angle of mandible.

Both the above specimens are from Wookey Hole, and are now preserved in the

Taunton Museum.
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PLATE III.

Cave Hy^na.

Cranium and Mandible.

(Two thirds natural size.)

Tig.

1. Posterior view of Cranium A (Skeleton A).

2. Mandible seen from the left side (Skeleton B).

3. Palatal view of the same mandible (Skeleton B).

4. Inner view of the left mandibular ramus of a young individual showing the milk

dentition.

a. Sagittal crest.

b. Post-orbital process of frontal.

d. Jugal.

c. Occipital condyle.

/. Coronoid process.

(/. Condyle of mandible.

h. Angle of mandible.

The specimen shown in fig. 4 is from Kent's Hole, Torquay, and is now preserved in

the British Museum (Nat. Hist.) at South Kensington. The other specimens are from

Wookey Hole, and are now in the Taunton ]\Iuseum.
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PLATE IV.

Cavk Hy.ena.

Penuanent Dentition.

(Natural size.)

Fig.

1. Right upper teeth, seen from the inner side.

2. Right lower teeth, seen from the inner side.

3. Left upper premolars, seen from the outer side.

4. Left lower premolars and molar, seen from the outer side.

a. Cone of i. 2.

h. Anterior cusp of |)ni. 2 .

c. Posterior cusp of pni. 2.

d. Cone of j)ni. 3.

/. Anterior lobe of blade of pni. 4.

(J.
Posterior lobe of blade of pm. 4 .

//. inner tubercle of pm. 4.

k. Anterior cusp of pm. 4.

;;/. Posterior cusp of m. 1.

The above specimens are from the Tor Bryan caves, near Torquay, and are now pre-

served in the British Museum (Nat. Hist.).
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PLATE V.

Cave Hyaena.

Dentition.

(Natural size.)

Fig.

1. Left upper permanent teeth which had not yet cut the jaw, seen from the inner

side.

2. Left lower permanent teeth which had not yet cut the jaw, seen from the inner

side.

3. Liner aspect of fragment of right half of upper jaw showing deciduous dentition.

4. Palatal aspect of the same fragment.

5. Inner aspect of part of left half of u])per jaw.

G. Anterior view of m. 1.

7. Inner aspect of m. 1.

8. Outer aspect of right ui. L

9. A deciduous canine, probably from the upper jaw.

10. Outer a^pect of left dm. 2.

IL Inner and outer aspect of right dm. 3.

12. Lower deciduous molais: dm. 2 and dm. 4 are seen from the outer side; dm. 3 from

the inner side.

Lettering as on PI. IV, with the addition of

—

?. Ridge on inner side of croAvn of c.

j. Posterior cusp of pm. 2.

n. Inner tubercle of dm. 3.

0. Tubercle of dm. 4.

p. Anterior root of m. 1.

q. Posterior root of m. 1.

The teeth sliown in figs. 1 and 2 are from the Tor Bryan caves, near Torquay, and

are now in the British Museum (Nat. Hist.). The other specimens, with the exception

of those shewn in figs. 5, 6, 7, and 9, are from the Creswell caves, Derbyshire, and are

now in the Owens College Museum, Manchester. The tooth shown in fig. 9 is from

Kirkdale cave, while the two shown in figs. 5, G, and 7 are from Wookey Hole. These

three latter specimens are all preserved in the Oxford Museum.



PAL/EONTOGRAPHI CAL SOCIETY, 1902

Reynoid s , C ave Hyasn

a

Pl.V.

<?-t'

J.OT-rendel.Btlia,.

Dentitioi



I





PLATE VI.

Cave HViEXA.

Vertcbfce.

(Natural size.)

Fig.

1. Atlas, dorsal aspect.

2. Axis.

3. Third cervical.

4. Fourth cervical.

5. Fifth cervical.

0. Sixth cervical.

7. Seventh cervical.
^

All viewed from the left side.

Vertebrarterial canal.

Transverse process of atlas.

Posterior articulating surface of atlas.

Odontoid process.

V. Neural spine.

/, Anterior articulating surface of axis.

(J.
Postzygapophysis.

//. Posterior face of centrun).

/. Anterior face of centrum.

j. Inferior lamella of sixth vertebra.

/•. Foramen for exit of spinal nerve.

All the above specimens are from Wookey Hole, Somerset, and are now preserved

in the Taunton Museum. All except the atlas are from Skeleton A.
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PLATE Vll.

CaVK HvjiNA.

Vertebra.

(iVatural size.)

Fig.

1. First thoracic, front view.

2. Second thoracic, seen from the left side.

3. Third thoracic, seen from the left side.

4. Fifth thoracic, front view.

5. Sixth thoracic, seen from the left side.

6. Tenth thoracic, front view.

7. Eleventh thoracic, seen from the left side.

a. Neural spine.

b. Neural canal.

c. Prezygapophysis,

(1. Transverse process.

e. Anterior facet for articulation with capitulum of rib.

/ Posterior facet for articulation with capitulum of rib.

(/. Notch for exit of spinal nerve.

h. Facet for articulation with tuberculum of rib.

All the above specimens are from Wookey Flole, and are now preserved in the

Taunton Museum. Those shown in figs. 2, 8, and 5 are from Skeleton A ; those shown

in figs. 4, 6, and 7 are from Skeleton B.
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PLATE Vlll.

Cave Hy^na.

Vertebra.

(Natural size.)

Fig.

1 . Sixth cervical, posterior view.

'2. Tliirteenth thoracic, seen from the left side.

8. Thirteenth thoracic, front vievi^.

4. Fourth lumbar, posterior view.

5. Fifth lumbar, dorsal view.

6. Sacrum, dorsal view.

7. Dorsal \

8. Ventral [ view of the first free caudal vertebra.

9. Anterior J

10. The same vertebra seen from the left side.

11. Dorsal \

- view of probably the ninth free caudal vertebra.

12. Anterior J

13. 'Ihe same vertebra seen from the left side.

11. Anterior view of a late caudal vertebra, perhaps the twelfth.

15. The same vertebra seen from the left side.

a. Neural spine.

h. Neural canal.

c. Vertebrarterial canal.

d. Foramen in sacrum for exit of spinal nerve.

e. Prezygapophysis.

/. Postzygapophysis.

y. Transverse process.

h. Notch for exit of spinal nerve.

The specimens shown in figs. 1—G are from Wookey Hole, and are preserved in the

Taunton Muscuu). The other specimens figured are also without doubt from Wookey

Hole, but I was unable to find them in the Taunton jNluseum. Figs. 1 and 4 are from

Skeleton A; figs. 2, 3, and G from Skeleton B.









PLATE IX.

Cave Hyaena.

Scapula.

(Natural size.)

\ of left scapult!

Fig.

1. Outer aspect

2. Posterior aspect

a. Glenoid cavity.

h. Acromion.

c. Prescapular fossa.

d, Postscapular fossa.

t\ Glenoid border.

This specimen is from the Creswell caves, Derbyshire, and is now preserved in the

Museum of Owens College, Manchester.
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PLATE X.

Cavk Hy.ena.

liumenis, Ulna, and Radius.

/ (Natural size.)

Fig.

1. Right luimeriis,^

2. Right ulna, )- all anterior asjjeot.

3. Right radius, J

a. Head of humerus,

b. Great tuberosity.

c. Lesser tuberosity.

d. Deltoid ridge.

e. Supra-trochlear foramen.

/. Trodden.

(/. External condyle.

//. Internal condyle.

/. Olecranon.

j. Sigmoid notch.

k. Surface for articulation with radius.

/. Distal end of ulna.

w. Surface for articulation with humerus.

71. Distid end of radius.

The three bones are all from the Skeleton B found at Wookey Hole, and now pre-

served in the Taunton Museum.
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PLATE XL

Cavk Hy^na.

Ma7ius.

(Natural size.)

Fig.

L Dorsal or anterior view of right manus.

2. Ventral or posterior view of right manus.

a. Bone representing the fused scaphoid, lunar, and centrale.

b. Cuneiform.

c. Pisiform.

(J. Trapezoid.

e. Unciform.

/. First metacarpal.

(/. Lifth metacarpal.

It. Sesamoid bone at metacarpo-phalangeal articulation of second digit.

/. Ungual phalanx of third digit.

The specimens from which these figures were drawn are from the Tor Bryan caves,

near Torquay, and are now in the British Museum (Nat. Hist.).
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PLATE XII.

Cave Hy.ena.

Pelvis.

(Natural size.)

Fig.

1. Left innominate bone, seen from the outer side.

2. Riglit innominate l)oiie, seen from the inner or sacral side.

(1. Acetabulum.

h. Obturator foramen.

c. Supra-iliac border of ilium

d. Sacral surface.

c. Pubic border.

f. Ischial border.

!J-
Ischium.

h. Ischial tuberosity.

/

.

Pubis.

Both the above specimens belong to Skeleton A, found at Wookey Hole, and now

in the Taunton Museum.
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PLATE XIII.

Cave Hyaena.

Femur, Tibia, and Fibula,

(Natural size.)

Fig.

1. Right fenuir, viewed from the left side.

2. The same, proximal end.

3. The same, distal end.

4. Right tibia, anterior aspect.

5. The same, proximal end.

6. The same, distal end.

7. Right fibula, anterior aspect.

8. The same, proximal end.

9. The same, distal end.

a. Head of femur.

b. Great trochanter.

c. Lesser trochanter.

(\. Outer condyle of femur.

c. Intercondylar notch.

/. Surface for articulation with fibula.

(/. Cuemial crest.

//. Surface for articulation with astragalus.

All the above specimens are from Wookey Hole, Somerset, and are now preserved

in the Taunton Museum. The specimen from which figs. 1, -2, and 3 were drawu forms

part of Skeleton A; the remainder are from Skeleton 13.
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PLATE XIV.

Cave Hy.ena.

Pes.

(Natural size.)

Fig.

1

.

Dorsal or anterior view of right pes.

2, Ventral or posterior view of the same.

a. Astragalus,

b. Calcaiieuni.

c. Cuboid.

d. Navicular.

e. External cuneiform.

/. Middle cuneiform.

ff.
First metatarsal.

h. Fifth metatarsal.

i. Sesamoid at metacarpo-plialangeal articulation of second digit.

j. Ungual phalanx of third digit.

The specimens from which these figures were drawn are from the Tor Bryan caves,

near Torquay, and are now in the British Museum (Nat. Hist.).
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THE FOSSIL FISHES OF THE ENGLISH CHALK

INTBODIJCTION.

Fishes of the Cretaceous period are now known from many parts of the workL

jMaterials are rapidly accumulating, indeed, for a tolerably complete account of the

last of the Mesozoic fish-faunas. Some of the fossils, like those from the Le1)anon,

Dalmatia, and Westphalia, are whole fishes in a crushed state, displaying the verte-

bral column, fins, and scales, in undisturbed position, but showing almost nothing

of the cranial osteology. Others, like those from the Chalk of England and

Kansas, are usually more fragmentary, but are often little crushed, and exhibit the

essential details of their osteology as well as modern skeletons. The specimens in

these two conditions must therefore be carefully compared to obtain a complete

knowledge of the various genera and species represented ; and, as a basis for this

comparison, it is necessary to prepare detailed descriptions and illustrations of each

series of remains. So far as the fishes of the English Chalk are concerned, it is

now proposed to attempt this preliminary work.

Fossil fishes seem to have been first noticed in the Chalk of this country by

Dr. Gideon A. Mantell, who published general descriptions and figures of many

specimens in his ' Fossils of the South Downs ' in 1822. His collection was subse-

quently described with greater success by Agassiz in his ' Recherches sur les Poissons

Fossiles' (1800-44-). The Avritings of Mantell and Agassiz aroused so much

interest in the south-east of England, that other collectors soon liegan to obtain im-

portant series of s})ecimens, notably Dixon, Bower])ank, Willett (at that time named

Catt), Coombe, Egerton, and Mrs. Smith, of Tunbridge Wells. Fine illusti-ations

and brief notices of the Chalk fishes were then issued in Frederic Dixon's ' Geology

and Fossils of Sussex ' in 1850. A ucav edition of tliis work, Avith notes on the

fossil fishes liy E. T. Newton, appeared in 1878. Miscelkmeous pa]»ers on certain

genera Avere also pul)lislied by Egerton, Giinther, E. T. NeAvton, and W. Davies.

More recently the present Avriter has made several contributions to the subject,

including a preliminary " Synopsis " in the Proceedings of the Geologists' Associa-

tion in 1888. Finally, there is a reA'ised summary of all the known genera and

1
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species from the English Chalk in the British ]Museuni ' Catalogne of Fossil Fishes,'

which was completed last year. All these Avritings will be referred to in due

course.

The unique series of Chalk fishes collected by Mr. Henry Willett has been

generously presented by him to the Brighton Museum ; but all the other collections

mentioned have been eventually acquired by the British Museum. To the latter

are now added the fine collections made l)y S. H. Beckles. J. R. Capron, Frederick

Harford, and S. J. Hawkins, l)esides smaller contributions from others. The

Forbes-Young collection in the Woodwardian Museum, Cambridge, must also be

specially mentioned ; and the series of specimens obtained by the Eight Hon. Lord

Ashcombe from the Chalk near Dorking, is likewise of importance.

A large proportion of the fishes in some of these collections are unfortunately

not labelled with the exact horizon and locality. The stratigraphical range of the

various species and varieties, therefore, cannot yet be fixed so precisely as is

desirable. The researches of Dr. Arthur W. Rowe ^ and Mr. G. E. Dibley ^ have

contributed much towards our knowledge of the distribution of some forms ; and

the wide experience they have gained of the Chalk in the south of England enables

them to determine with much probability of correctness the liorizons of many

specimens which lack exact labels. The writer is especially indebted to Mr. Dibley

for his advice concerning the probable stratigraphical position of the fossils

described from inland chalk-pits. Dr. Barrois^ has already expressed his opinion

that most of the specimens from the neighbourhood of Lewes described by Mantell

and Agassiz, were obtained from the Turonian zones of Tet'ehrotiiJiiitt r/racilis and

lUijinchouclhi. Cnc'icri.

Finally, it must be noted that in these fossil fishes the outer face of the bones

and scales is often destroyed by flaking or by some solvent percolating through the

chalk. Differences in the degree of external ornamentation need thus to be

examined very critically with an experienced eye before they can be relied upon for

the discrimination of species or races.

It is hoped that the fragmentary fossils will l)e rendered more easily

comprehensible by the series of restoi-ed sketches in the text, Avhich have been

executed under the author's direction by Miss Gr. M. Woodward.

1 A. W. Kowe, " The Zoues of the White Chalk of the English Coast. Part I.—Kent and

Sussex," Proc. Geol. Assoc, vol. xvi, 1900, pp. 289—368.

2 G. E. Dibley, " Zonal Features of the Chalk Pits in the Rochester, Gravesend, and Croydon

Areas," loc. cit., vol. xvi, 1900, pp. 484—496.

^ C. Barrois, " Recherches sur le terrain cretace superieur de I'Angleterre et de I'lrlande," Mem.

Soc. Geol. Nord., vol. i, no. 1, 1876, p. 30.
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SYSTEMATIC DESCRIPTIONS.

Siihcluss TELEOSTOMI.

Order AGTINOPTEBYGIL

Suborder ACANTIlOYTEnYGII.

Famihj Carangid.e.

Genus AIPICHTHYS, Steindaclmer.

AipicMliys, F. SteindacLuer, Sitzuugsb. k. Akad. Wiss., math.-uaturw. CI., vol. xxxviii, 1859, p. 763.

Generic Cltaraders.—Trunk much deepened, and head short and deep, with a

hirge supraoccipital crest. Eye rather small ; cleft of mouth oblique and wide, the

Fig. 1. Aipichthys velifer, A. S. Woodward; restoration of skeleton, without scales, about nat. size.

—

Upper Cretaceous ; Hakel, Mt. Lebanon.

gape extending to the hinder l:)order of the orbit ; maxilla expanded behind ; teeth

minute but numerous. Pelvic fins inserted directly l^elow the })ectorals, somewhat
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larger than the latter ; dorsal fin much elevated and extending along nearly the

whole of the back, with two to fonr very short and rather stont anterior spines
;

anal fin compai'atively low, opposed to the hinder half of the dorsal, with three to

five short and stout anterior spines ; caudal fin deeply forked. Scales thin and

small, except a series of ventral ridge-scales on the short abdominal region.

Type Specirs.— AipirJith//s prrfiosns (Steindachner, Sitzungsb. k. Akad. Wiss.,

math.-naturw. CI., vol. xxxviii, 1859, p. 763, pi. i, fig. 1) from the Cretaceous

(supposed Urgonian) of Comen, Istria.

Remarks.—This is the highest type of fish to which any specimen hitherto

discovered in the English Chalk can be referred. The genus comprises small

species, none more than 10 cm. in length, which are known by nearly complete

skeletons crushed between the laminse of the fissile Cretaceous limestones of Comen

(Istria), the Isle of Lesina (Dalmatia), and Hakel (Mt. Lebanon). The specimens

from Hakel were for many years ascribed to the allied genus Plata,r, which survives

in existing seas. The accompanying restoration (Text-fig. 1) of the skeleton of

Aipiclifhys relifpr, however, shoAVS that the fish differs from Platax in having a

larger mouth, a much less elevated anal fin, and a deeply forked caudal fin. The

thickened ventral ridge-scales also distinguish the Cretaceous from the Tertiary and

Recent genus.

1. Aipichthys nuchalis (Dixon).

1850. Microdon michalis, F. Dixon, Geol. Sussex, p. 369, pi. xxxii, fig. 7.

1887. Platax (?) nuchalis, A. S. Woodward, Auu. Mag. Nat. Hist. [5], vol. xx, p. 342.

1901. Aipichthys nuchalis, A. S. "Woodward, Catal. Foss. Fishes B. M., pt. iv, p. 429.

Tijpa.—Imperfect fish, probably from zone of Holasfer suhylohosus ; British

Museum.

Specific Characters.—Not yet satisfactorily ascertained.

Description of Specimen.—This species is still known only l)y the unique type

specimen, Avhich is too incomplete to decide more than its generic relationships.

Dixon's drawing of the fossil does not exhibit many of its essential features, but a

study of the actual specimen reveals some of them. The supraoccipital bone of

the cranium is shown to be raised into a large, laterally compressed, triangular

crest. The vertebral centra, with their arches, are well ossified, and there seem to

be only ten in the abdominal region. Of the pectoral fins no fragments remain,

but each of the pelvic fins is represented by a single robust spine, though there are

no traces of the articulated rays. Evidence of a much-elevated dorsal fin is seen in

a series of large, wide-winged fin-supports above the vertebral column, just behind

the supraoccipital crest. The anal fin is represented by its three small anterior

spines. The total length of the fish cannot have exceeded 8 cm.
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Horwm and Localitij.—Probably zone of Uuladcr snbglobosns : Washington,

Sussex.

Fa III ill/ Stkomateid.e.

The Cretaceous genera provisionally assigned to this family are primitive

Scoml)roid fishes of uncertain affinity.

Genus BERYCOPSIS, Dixon.

' Berycopsis, F. Dixon, Geol. Sussex, 1850, p. 372.

Stenostoma, F. Dixon, ibid., 1850, p. 373.

Generic CJutracfrrs.—Trunk deepened and much laterally compressed. Cleft of

mouth small and oblique, with minute clustered teeth ; maxilla expanded behind,

with relatively very large posterior supramaxilla ; circumorbital plates small,

except the foremost (antorbital), which is much expanded. Vertebrae about twelve

in the abdominal, eighteen in the caudal region. Pectoral fins small and delicate

;

pelvic fins, with relatively large spine, inserted slightly behind the pectoral pair

;

dorsal and anal fins with a few very stout anterior spines, which gradually lengthen

and are closely pressed together ; caudal fin forked. Scales more or less feebly

rugose and pectinated or ctenoid, extending over the operculum, occipital region,

and cheek ; none enlarged or thickened. Lateral line inconspicuous.

Type SjJecies.—Berijcopisis elegans, from the English Chalk.

Beniarhs.—This genus is most closely related to Oinosoma and Plati/connus irom.

the Upper Cretaceous of the Lebanon and Westphalia. Pi/cnosterlnx, from the

Lebanon, may also perhaps prove to be an allied form when it is better known.

Omosoma is distinguished by its cycloid scales, which seem to be less deepened on

the flank than those of Berycopsis ; while Platycormus appears to have about four

more vertebrge and a much smaller pelvic fin-spine than the latter genus.

L Berycopsis elegans, Dixon. Plate I; Plate II, fig. 1 ; Text-figure 2.

1850. Berycopsis elegans, F. Dixon, Geol. Sussex, p. 372, pi. xxxv, fig. 8.

1888. Berycopsis elegans, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 328.

1901. Berycopsis elegans, A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, p. 423.

"^'l/P''-—Imperfect head and trunk from zone of Hohisfcr suhglohosus ; Willett

Collection, Brighton Museum.

Sj^ecific Characters.—The type species attaining a length of about 80 cm.
Length of head with o])ercular apparatus considerably exceeding two-thirds the
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maximum deptli of the trunk, wliicli nearly equals tlie length from the pectoral

arch to the base of the caudal fin. External head-bones only partially rugose, the

hinder expanded portion of the frontals being quite smooth, and the front edge of

the supraoccipital crest not thickened or ornamented. Antorbital cheek-plate

slightly deeper than broad, its depth about equalling that of the orbit. Dorsal

fin with 6 short and stout spines, which are nearly smooth ; anal fin arising much

nearer to the pectorals than to the caudal. Scales very feebly rugose, or sometimes

quite smooth, with slightly l)ent, not regularly curved hinder margin ; nearly

30 scales in each transverse series on the abdominal region.

Description of Specimens.—The type specimen in the Brighton Museum does

not exhi1)it many of the essential characters of the fish. It is, however, sufficiently

complete for generic and specific determination. The gently rounded frontal

region of the skull is shown, and the large supraoccipital crest is ol)servable in

transverse section. The operculum is much flaked, but seems to have been smooth.

The scales are well displayed, exhibiting their proportions and the typical rhombic

exposed area, with a very slight rugosity at its hinder border. The front part of

the anal fin is preserved, and its remains extend to the hinder fractured edge of

the fossil.

The only other important known specimens of this species are contained in the

collection of the British Museum. All these are very imperfect ; l^ut two afford an

approximate idea of the general proportions of the fish, while the others exhibit

most of the principal characters of its skeleton.

The general proportions are best shown in the small specimen from the Chalk

of Sussex represented of the natural size in PI. I, fig. 1. I'he frontal profile of the

head is steep, and the back gradually rises to the origin of the doi'sal fin, Avhere the

trunk is deepest. The ventral margin of the Ijody forms a more gentle curve than

the dorsal border. The jaws are slightly pressed forwards in fossilisation, l)ut,

allowing for tliis, the length of the head with opercular apparatus is seen to equal

its maximum depth at the back of the occipital crest. Its length also somcAvhat

exceeds two thirds that of the trunk from the pectoral arch to the l)ase of the

caudal fin.

The roof of the skull is shai'ply bent aliove the middle of the lai'ge orbit, and its

short hinder portion is surmounted by a deep triangular supraoccipital crest

(PI. I, figs. 1, 3, socc), which is strengthened by one oblique ridge. The muscles

of the trunk must have extended forwards over this portion of the skull as far as a

sharp ridge which is inclined backwards on each side from the middle point at the

hinder l)order of the frontal region (fig. 3, _/>.). The frontal bones (/r.) are

smooth and a. little tumid, impressed with a few reticulating grooves, and by a pair

of lateral, longitudinal sensory canals. Tliere is also a large supraorbital flange

(sph.), apparently of the same element, Avhich bears a finely rugose ornamentation.

Anteriorly the frontals taper, and overlap the narrow mesethmoid, which is almost
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destroyed in the original of fig. o, but is sliowii in otlier specimens, c (/., the

original of fig. 2. Its exposed portion is longer than broad, and gradually widens

in front, Avliere its anterior margin is deeply excavated by a re-entering angle. Its

vertical extent is also considerable, as shown hj an imperfect small specimen,

B. M., no. P. 6049. The basioccipital region, as exposed in one specimen (B. M.,

no. P. 5G83), is much laterally compressed, and there is a basicranial canal. The

prefrontal or ectethmoid element (fig. 2, j)]-/.) is seen to be large and deepened.

There are sometimes remains of an ossified sclerotic.

The mandil)ular suspensorium is nearly vertical, only slightly inclined forwards ;

and the mandibular articulation is below the hinder niaroin of the orbit. The

Fig. 2. Berycopsis elegans, Dixon ; restoration, about one half nat. size.—English Chalk. The
pelvic fins and the greater part of the anal and caudal fins are based on probabilities. The extent
of the sqnamation over the rays of the dorsal and anal fins is indicated by a dotted line.

hyoinandil)ular (fig. 2, hut.) is a long and narrow lamina, strengthened on the

upper part of its outer face by three radiating ridges, one ending in the point of

suspension (.s.) for the operculum, the other two diverging respectively to the

postero-superior and aiitero-superior angle of the bone. Its truncated lower end

meets the symplectic and the hinder half of the upper margin of the quadrate.

The latter element (qu.) is deeply notched for the reception of a rather large

symplectic, and has the usual thickened articular prominence for the mandible

below. The large and delicate laminar metapterygoid {mpf.) adjoins the anterior

margin of the hyomandibular and the anterior half of the upper margin of the
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quadrate ; while the thin, arched, and tapering hinder portion of the ectopterygoid

(pcpt.) borders the quadrate anteriorly and the nietapterygoid inferiorly. As

shown l)y B. M., no. P. 5()8o, the lower part of the inner face of the ectopterygoid

bears a cluster of minute teeth. The premaxilla (figs. 1, 2, prn.v.) completely

excludes the maxilla from the upper border of the mouth on each side. It is

remarkable for the great relative size of its anterior ascending process, which fits

into the deep groove on the anterior face of the mesethmoid. It is constricted,

though a little thickened, immediately behind the l)ase of this process ; and its oral

face, when Avell preserved {''(/., B. M., no. P. 568o), ])ears a l)road cluster of minute

teeth. The maxilla (figs. 1, 2, d).v.) is a slender l)ar for the greater part of its

length, with a large upturned anterior end, which is partly shown in fig. 1, liut

better preserved on the left side of the original of fig. 2. It terminates behind in

a considerable laminar expansion which is broken and incomplete in the original

of fig. 2, but a little less fractured in that of fig. 1. AVhen quite complete, this

expansion is slightly deeper than in the latter, and its outer face is not ornamented.

The maxilla is overlapped for the greater part of its length by a relatively

enormous supramaxilla (figs. 1, 2, sm,v.2), of which the form is l)est shown in

fig. 2. It seems to have l)een slightly convex, and it is covered with a very fine

rugose ornament, which is often partly destroyed in fossilisation. Below its

anterior pointed prolongation there is also a diminutive second supramaxilla

(fig. 2, siii.v.l), which is similarly ornamented. The mandible is more or less

broken in all the known specimens, but its general shape is indicated in fig. 1.

It is short and deep, with a truncated symphysis, and the oral border gradually

rising to the coronoid region, of which the highest point is just in front of the

articulation for the quadrate lione. The lower portion of the mandil)le is much

bent imvards, so that its complete depth is not seen in direct side-view (figs. ], 2).

The dentary (*/.) is quite smooth, but the articulo-angular {<i(j.) exhibits a horizon-

tally-extended flattened ridge immediately below and in front of the articulation,

covered with a fine rugose ornament. Below this ridge there is a deep groove,

Avhich may have been occupied by the slime-apparatus of the sensory canal. The

thickened oral margin of the dentary bears chistered minute teeth like those of the

premaxilla.

The cheek is covered partly l)y circumorbital plates, partly by scales. Most

of the circumorbital plates (figs. 1, 2, ra.) are small, and form a very narrow rim

round the orlnt ; but the foremost element of the series, which may be termed

antorbital (nn.), is excessively expanded. All these plates are covered with a very

fine rugose ornament, and the sensory canal which traverses them is marked by a

deep groove. The original outline of the large antorbital plate is best shown in

fig. 2, where it is only destroyed by an accidental indent near the upper end of

its hinder margin. Its niaxiinuiii (lej)th somewhat exceeds its width, and about

equals the vertical diameter of the oi'bit. Its longer axis is slightly inclined
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forwards, ])ut its inclination is increased hy crnsliing in the original of fig. 1. The

sensory canal is abrnptly bent downwards when it reaches the middle of this plate

and spreads in a few radiating branches. When the cheek is well preserved it is

seen to be completely covered with scales behind and below the circnmorbital ring,

and remains of these are observable in fig. 1. As shown by B. M, no. P. GO-1-9,

these scales are large and dee})ly overlapping, less conspicuously rugose than the

circnmorbital plates, and not serrated.

The opercular apparatus is complete. The preoperculum (figs. 1, 2, j)(>/).) is

very deep and narrow, and not much expanded at the angle, Avhich is greater than

a right angle. Its straight ascending limb tapers to its pointed upper end at the

hyomandibular suspension of the operculum ; its short lower limb is more Ijluntly

pointed below. Its thickened anterior border overhangs the deep groove for the

sensory canal ; its narrow hinder wing, when well preserved, is covered with a fine

rugose ornament l)ut not serrated. The exact foi'm of the operculum (op.) is

difficult to determine, Ijut it only seems to lack an insignificant fragment of the

hinder border in fig. 1, and the postero-superior angle in fig. 2. In the former

specimen it is completely exposed and exhibits only remains of a radiating rugose

ornament in its hinder half. In better preserved specimens, however, as in the

original of fig. 2, it is always covered with scales like those of the cheek, and its

hinder ornamented portion is very little exposed. The suboperculum (soj).) and

interoperculum (/"/?.) are narrow, antero-posteriorly extended bony plates, display-

ing a fine rugose ornament when well preserved, never covered with scales. The

outline of these two elements seems to be complete in fig. 1, but the lower margin

of the interoperculum is accidentally indented in fig. 2. Fragments of branchio-

stegal rays (hr.) are see]i in fig. 2, but these are imperfectly known. Three or

perhaps four of them are shown on the i-ight side in B. M. no. P. 6465. The

branchial arches seem to l)ear a few large pointed gill-rakers (B. M. no. P. 5695).

The vertebral column is imperfectly known, but it comprises at least 26,

perhaps as many as 30 vertebrae. The centra are much constricted cylinders,

and most of them seem to be strengthened by a stout, lateral, longitudinal ridge.

The arches are all very stout and large. The neural arches are fused with the

centra in the alidominal, as well as in the caudal region. The anterior riljs articu-

late directly with the centra, but there may have been small transverse processes.

There are expanded hypural bones (B. M. no. P. 6465).

The pectoral arch is suspended from the cranium by a small supratemporal

(PI. II, fig. 1, St.), and by a larger, forked post-temporal {2)tt.). The supratemporal

is an irregularly crescentic lamina, its concave border smooth and turned forwards,

its convex border marked with a rugose ornament and turned backwards. Its

antero-superior angle overlaps the epiotic, while its postero-inferior portion is in

contact with the exposed laminar part of the post-temporal. This })late {jiff.)

tapers a little above, but is truncated lielow where it articulates with the supra-
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clavicle. The <>Teater part of its outer face is smooth, but behind aud below a deep

vertical groove Avliicli traverses two thirds of its depth, it exhilnts a rugose orna-

ment. From its antero-inferior angle there extends forwards a smooth rod-like

process (j>.), wliicli articulates with the pterotic. The supraclavicle (scL) is more

than three times as deep as broad, truncated above, tapering beloAv, and Avith a

thickened anterior margin. Its outer face is very feebly rugose. The clavicle

(PI. I, fig. 2, ^7.) is much sigmoidally bent, with a large external lamina, Avhicli is

as feel)ly ornamented as the supraclavicle. Its hinder margin is notched just

above the attachment of the coraco-scapular mass (c.) ; and at tlie angle there is

sometimes a trace of a post-clavicle (pcJ.). Tliere is a persistent suture betAveen the

coracoid and scapula, as shoAvn on the left side of the original of PI. I, fig. 2 ; and

the scapula is pierced l)y a large oval foramen (/.). The l)asall)ones of the pectoral

fin are unknoAvn, and the fin itself has ncA^er been Avell ol)served. As indicated by

B. M. no. P, 6465, it is very small, comprising from eight to ten rays, of Avhicli the

uppermost and longest cannot have exceeded the premaxilla in length. Only

scattered fragments of its delicate fin-rays are shoAvn in PI. I, fig. 1, y. The pelvic

fins are unknoAvn, but a trace apparently of one of the supports in B. M. no. 37751,

seems to show that their insertion Avas slightly l)eliind that of the pectoral fins.

The median fins are ahvays imperfect in the fossils, but some of their characters

are observable. The dorsal fin seems to arise opposite the insertion of the pehnc

pair, and is much extended. There are traces of free fin-supports in advance of it

(PI. I, fig. 1, n.) ; and its Ioav anterior portion consists of A^ery stout, nearly smooth,

closely arranged spines (PI. I, fig. 4). These spines, six in numlier, gradually in-

crease in length, and are foUoAved by much longer I'ays, Avhich are closely articu-

lated distally but only represented by their bases in the specimens figured (PI. I,

figs. 1, 4). The articulated dorsal rays must haA^e been at least tAv©nty-fiAT in

number, as shown by B. M. no. P. 6535. The anal fin must also have been con-

siderably extended, arising in adA'ance of the middle point 1)etAA'een the pectorals

and the caudal, and reaching at least as far back as the seventh A'ertebra froin the

caudal extremity. Its foremost support (PI. I, fig. 1, a) exhilnts at its loAver end a

large triangular expansion, eAadently for the attachment of poAverful spines. The

caudal fin must liaA^e been delicate, and Avas probably forked. Only fragmentary

remains of it are shown in PI. I, fig. 1.

The aspect of the scales Agarics much in the different specimens, but this circ\un-

stance seems to be due to accidents in preserA'ation. When they are undisturbed

and complete, as in the front part of PI. I, fig. 1, their exposed portion is observed

to be almost rhombic in shape, the hinder border being not gently curved but

rather sharply bent at its middle. When the surface is Avell preserA'ed it is

distinctly rugose, and some of the delicate markings at the hinder margin radiate

in such a manner as to give it a ])ectinated appearance. The smoothness of the

scales in the originals of 1^1. T, figs. 1,4, and in similar specimens, is almost certainly
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due to the effect of some solvent on theii" outer face during fossilisation. Xo
thickened or specially enlarged scales liave been observed ; and there are probably

about 80 scales in each transverse series in the abdominal region. Their extension

over the operculum and cheek has already been described. Small scales cover the

muscular portion over the occipital and parietal region of the skull. There are

also traces of them enveloping the base of the rays of the dorsal fin in the original

of PI. T, fig. 1, and in B. M. no. P. 05:3-5. The lateral line is distinguishal)le, Imt

only feebly marked.

Hori-:niis and L()calltk\s.—Zone of Holaster snhijJohosiifi : Clayton, Sussex;

Burhani, Kent. Probably zone of Rhijnchondla Ciunori : Lewes, Sussex. Zone of

Holader i)lanu>i or Terehratnliiia fjracUis : Cuxton, Kent; Leaves.

2. Berycopsis major, sp. nov. Plate II, fig. 2.

Tijpe.—Imperfect head and trunk ; British Museum.

Specijic Characters.—An hnperfectly known species attaining a length of about

30 cm. Ornament of head and opercular bones more prominent than in the type

species, extending over the hinder expanded "portion of the frontals and the

thickened front l)order of the supraoccipital crest. Antorbital cheek-plate not

deeper than broad and less deep than the orbit. Scales with a regular ornament

of delicate pectinations at the hinder border, which is gently and regularly curved

;

much larger and fewer than in the type species, there being less than 20 scales in

each transverse series in the abdominal region.

Description of Specimen.—The unique specimen of this species is shown of the

natural size in PI. II, figs. 2, 2 a. It has been much broken, 1jut displays many of

the essential characters of the fish. The general proportions of the cranium do

not differ much from those of the type species, l)ut it is much more extensively

ornamented and the median ethmoid is less exposed. The large triangular supra-

occipital crest is only strengthened on its side by a slight ridge ; but its anterior

margin is thickened and was probal)ly exposed, l)eing marked with a fine longi-

tudinal ridged ornament. The frontal region (fr.) is produced on each side into an

overhanging supraorbital flange ; and the rugose ornamentation is not confined to

this, but extends in a radiating manner over nearly the whole of the hinder half of

each frontal bone. The actual hinder limit of the frontals seems to be a straight,

transverse line ; while the small ornamented triangular area beyond this at each

postero-lateral angle is doubtless to be regarded as belonging to the parietal (pa.).

The small mesethmoid (fig. 2 a, <'tli.) has the same form as in B. clegans, but is

more extensively covered by the frontals than in the latter species. The large,

deep, antero-posteriorly compressed prefrontal or ectethmoid {prf.) is well shown,

and is clearly articulated with the enlarged foremost plate of the circumorbital
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ring (an.). The iiiandil)iilar suspensorium and palato-pterygoid arcade are much

obscured ; but, so far as they are exposed, they resemble the corresponding parts

of the type species. The premaxilla {jwix.) lacks its hinder end on both sides of

the fossil, but displays the very large anterior ascending process. It has a sharp

lower edge, but a broad flattened oral face to bear a cluster of minute teeth. The

maxilla (mx.) is also imperfect on l)oth sides, but is represented on the right by

its anterior and posterior extremities. Its anterior end is turned uj)wards in a

stout process, while its posterior portion expands into a large, smooth lamina.

Only the hinder supramaxilla (suhv. 2) is preserved, and it may perhaps be a little

broken at its upper border. It is ornamented with a very conspicuous rugosity,

of which the main ridges extend antero-posteriorly. 1'he mandil)le appears exactly

as described in the type species, and the dentary (J.) is shown to have borne a l)road

band of clustered minute teeth. The hour-glass-shaped ceratohyal (fig. 2, cli .) is

short and deep, with a broad lamina of bone connecting its upper angles. It

(perhaps with the small epihyal, which is covered) supports fiA^e branchiostegal

rays {(>r.). The circumorbital plates {co.) are ornamented and deeply grooved, and

all except one are very small, as in B. elegans ; but the enlarged foremost plate of

the series, which is imperfect on the right side {ao.), is much less deepened than in

the latter species. Its maximum depth is indeed less than the vertical diameter of

the orbit, and, as shown on the left side, its lower border is feebly pectinated or

serrated. Abraded and broken rugose scales remain covering the cheek Ijehind

and below the circumorbital ring. The opercular apparatus closely resemljles that

of B. elcfjaiis, but is more strongly ornamented. In the fossil only three or four

of the scales which originally covered the operculum are preserved. Behind the

opercular bones, a little displaced and imperfect, are observed the characteristic

post-temporal (p^t-), supraclavicle (.yc/.), and clavicle (r/.,) Avith part of the scapula

(sc.) pierced by the usual oval foramen. The destruction of some scales also ex-

poses a few of the stout ribs (r.). The right pelvic fin (j'/r.) is shown slightly

liehind the pectoral arch. Its large and stout anterior spine is fractured and

fragmentary, but seems to have been as long as the succeeding articulated rays, of

which only four are seen. The anal fin spines (a.) are also very stout and slightly

ornamented Ijy longitudinal ridges. They seem to have been four in number,

rapidly increasing backAvards in size and length. The base of only one articulated

i-ay is preserved behind them in the fossil. The scales are relatively large, with a

gently and regularly rounded posterior border. The abraded rugose ornament of

their exposed portion has often a pitted appearance, but at the posterior border it

passes into regular ])ectinations. The scales cannot be exactly counted, but there

were probably less tlian 20 of them in any transverse series on the abdominal

region. The lateral line (//.) forms a little smooth triangular ])rominenee on the

covered portion of each scale which it traverses.

Horizon and LocaJifij.—Pi'obaljly zone of Uolasfer p/fl»»,9.- C'uxton, Kent.
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Type specimen obtained by Joseph Wood for Frederick Harford, Es([., who pre-

pared it.

3. Berycopsis pulchella (Dixon).

1850. Stetiostoma yiiJchella, F. Dix.m, Gfol. Sussex, p. 373, pi. xxxvi, fig. 2.

1888. Stetiostoma pvlchella, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 329.

1901. Berycopsis, sp., A. S. "Woodward, Catal. P'oss. Fishes B. M., pt. iv, p. 425.

Tj/pc—Imperfect fish ; British Mnsenm.

Specific Characters.—An imperfectly known very small species, resembling

B. major in the form of the antorbital and scales, but apparently with rather more

than 20 scales in a transverse series on the abdominal region, and snpramaxilla

feebly ornamented.

Description, of Specimen.—The nnique type specimen of this species represents

a fish only abont 8'5 cm. in length, and is very nnsatisfactorily fignred l^y Dixon,

op. cit. The orbit is nnusnally large and snrronnded by the characteristic circum-

orbital plates, of which the antorbital is seen to resemble that of B. major in form

and proportions. The hinder expansion of the maxilla is qnite smooth ; while the

rather low, large snpramaxilla is only faintly rngose, and an impression on the

chalk seems to indicate that it was not trnncated but tapering behind. A fragment

of the outer face of the operculum displays the ridged ornament ; and scales are

observed to extend over both this bone and the cheek. Traces of the base of the

dorsal and caudal fins are seen. Most of the scales are preserved in undisturbed

series, and their pectinations terminate in a rather conspicuously serrated hinder

border.

The relatively large size of the orljit, and the prominence of the scale-ornament

are characters suggesting the immaturity of the fish noAV described.

Horizon and Locaiiti/.-—-Probably zone of Holaster subglohosus : Steyning,

Sussex.

An undetermined species of Bemjcopsis from the Grey Chalk (zone of Holaster

suJifjlohosus) of Dover is also indicated by part of a small trunk in the British

Museum (no. 490()2).

Famil 11 Bktjyctd.t:.

Genus HOPLOPTERYX, Agassiz.

HopJopteryx, L. Agassiz, Poiss. Foss., vol. iv, 1838, p. 4.

Generic CJiararters.—Tnmk much deepened and laterally C()mj)ressed, with

lower face of abdominal regicMi flattened. Frontal region of skull deeply ridged
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foi' slime-cavities ; cleft of mouth little ol)li([ue, and jaws with minute clustered

teeth ; orbit small or of moderate size
; preoperculum without 'spine, only serrated ;

operculum produced into two short and broad spines at its hinder margin. Verte-

brae about 10 in the abdominal, 14 in the caudal region. Pelvic fins arising below

or someAvhat behind the origin of the pectorals, with one stout spine and G to 8

divided rajs. Dorsal fin much extended, its anterior half consisting of 5 to 9 stout

spines, not closely pressed together ; anal fin comparatively short, with 8 to 5 stout

spines, not closely pressed together ; caudal fin more or less forked. Scales

pectinated, rather large, and none much enlarged or thickened ; lateral line forming

a conspicuous discontinuous ridge.

Tiipe Species.—HopIoptei-y,r ((iifl(jinis (Agassiz, torn, cif., p. 131, pi. xvii, figs.

—8) from the Senonian of Westphalia.

lu'iiiaii'!<.—The species of this genus from the English Chalk have commonly

'-^^

Fig. .3. Beryx splcndens, Lowe ; iimch reduced from nat. size.—Existing in deep sea. After
Goode and Bean.

been referred to the surviving genus BerijA'. They are indeed characterised by a

peculiarly ridged skull with slime-cavities disposed almost as in Bevii.v (Text-fig. 5).

Ho'plopteriix, however, is clearly distinguished from the latter by its much smaller

eye, the greater extent of the spinous portion of its dorsal fin, and the less extent

of its anal fin. The differences Avill be readily appreciated on coni])aring the

accompanying Text-fig. 3 with Text-fig. 4 opposite.

1. Hoplopteryx lewesiensis (Mautell). Plate III; Plate IV, fig. 1; Plate VII,

fig. 1 ; Text-figs. 4, 5 b.

1822. Zeus lewesiensis, G. A. Mantell, Foss. S. Downs, p. 234, pis. xxxv, xxxvi.

1835-30. Beryx ornatus, L. Agassiz, Poiss. Foss., Feuill., p. 55, and vol. iv, p. 115, pi. xiv a, pi. xiv b,

figs. 1, 2, pi. xivc, figs. 1, 8-6 (lion fis:. 2), pi. xiv fZ (exc. fig. 2).
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1850. Berijx oniafiis, F. Dixou, Geol. Sussex, p. 371, pi. xxxiv, fig. 1, pi. xxxvi, figs. 1, 3.

1888. IIo]_)lo]}terya' leivesiensis, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 327.

1901. HopJopterijx lewesiensis, A. S. Woodward, Catiil. Foss. Fishes B. M., pt. iv, p. 397, pi. xvi,

fig. 4, text-fig. 13.

Ti/pe.—Imperfect fisli, pi'ol)a])ly from one of the Turonian zones ; Briti.-^h

Museum.

Specific Gharncters.—A species attaining a length of about 30 cm. Length of

head with opercular apparatus considerably less than the maximum depth of the

trunk, "which nearly equals the length from the hinder margin of the clavicle to

the base of the caudal fin. Tubercular and rugose ornament of external bones

rather fine. Operculum twice as deep as broad. Dorsal fin occupying nearly one

half of the back, comprising G very stout, longitudinally ril)bed spines and 8 to 10

Fig. 4. Hoplopteryx lewesiensis, Mantell; restoration, about one half nat. size.—English Chalk.

divided rays, the length of the longest spine almost equalling one third the deptli

of the trunk at its insertion ; anal fin with 7 or 8 divided rays preceded by 3 or 4-

very stout spines, which gradually increase to a length about equalling that of the

longest dorsal. Scales very finely rugose and delicately pectinated ; the lateral

line traversing about the ninth longitudinal series above the ventral border.

Description of Sjiecimena.—The type specimen in the Mantell Collection (nos.

4014-15) is too imperfect to exhibit many of its generic and specific characters;

but, on direct comparison, it is clearly proved to be specifically identical with

certain better-preserved fossils on which the foregoing diagnosis is based. Part

of the left side of the head and opercular apparatus is exposed from within, and

the operculum shows its two characteristic spines. The imperfect trunk is a little

distorted and shows only fragments of the vertelu'al column and median fins, with
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the four anal fin-spmes distinctly borne hy separate supports. Some of the large,

thin, serrated scales are Avell displayed, while the thickenings and bendings pro-

duced by the sensory canal of the lateral line are also conspicuous. The general

proportions of the fish, noted in the specific diagnosis and indicated in the accom-

panying restoration (Text-fig. 4), are better shown by the original of PI. Ill,

fig. 1, and by many similarly preserved specimens. As proved by B. M. no.

49043, the lower l)order of the abdominal region is gently rounded or flattened, not

keeled.

The cranium (PL III, fig. 2 ; Text-fig. 5 u) closely resembles that of Beri/x

(Text-fig. 5 a), especially in the arrangement of the ridges and hollows on the

Fig. 5. Eoof of cianium ut Btnji, il i, adadijl us, Cnv. and Val. (h). Hop! outcry:!' Icir.-sii'iisis (Mautell)

(B), and Hoplopteryx sim-us, A S Woodw. (C). eth., mfMtlnii..i.l ; /,-.. tVcntal; sncc, siipra-

occipital crest in fossa originally occupied by muscles ; o, mcliau slinic-cavity ; i, ii, m, lateral

paired slime-cavities ; arrows indicating passages through tlio a\ alls of the slime-cavities.

roof ; but the ethmoidal region is relatively larger than in thi^

The parasphenoid is slender, and there is a large basicranial canal (B. M. nos.

P. 5687-88). The occipital plane is inclined backwards and downwards; and

the low median supraoccipital crest (socc.) is produced backwards over it. As in

Beryx, the supraoccipital witli its crest is sunk in a deep trough formed by a pair of

laminar ridges (PI. Ill, fig. 2, v.), which are deepest behind on the otic region and

gradually converge forwards until they meet in a short median ridge at the anterior

end of the frontal region. Again as in Beri/,r, this large median trough is crossed

by a less elevated transverse ridge in its anterior narroAV portion ; and the small

triangular cavity thus formed (o) opens into the lateral frontal cavities l)y two
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foramina piercing- tlie l)o\Hi(liiif>- ridge on each side. Muscles covered l)y scales (B. M.

no. 49043) occni)ied the greater part of the trough just descril)ed, but the small

anterior triangular portion must have been a slime-cavity. The frontal bones (PI.

Ill, fig. 2, /r.) extend from the hinder border of the orbit to the front margin of

the prefrontal or ectethmoid, where they meet the mesethmoid (eth.) in a

jagged suture. They form a slight supraorbital flange on each side, marked with a

coarse, tubercular ornament at the border. Internal to this flange and external to

the great ridge already described, they are transversely ridged to produce three

pairs of lateral slime-cavities, which are connected with each other by foramina

piercing the bounding walls. The largest or anterior cavity (n, iii) is again

bridged by a thin spicule of bone at the anterior end of the frontal, as shown

in the restoration (Text-fig. ou). This delicate bridge is lacking in most

fossils, as in the original of PL III, fig. 2 ; but it is indicated in nos. 49038, P.

1948 b, and other specimens in the British Museum. The mesethmoid (etJi.) is as long-

as broad, entirely in advance of the frontals, and impressed in front with a deep

groove for the reception of the ascending processes of the premaxilla>. The pre-

frontal or ectethmoid is very deep and narrow. When Avell preserved, all the

sharp ridges of the cranial roof, except the supraoccipital, are observed to be

ornamented on the edge with a row of tubercles ; and similar tubercles are seen on

the lateral borders of the mesethmoid.

The mandibular suspensorium is nearly vertical, the gape of the mouth extend-

ing just behind the eye. The hyomandibular (Pis. Ill, VII, fig. 1, Jivi.) is deep

and narrow, and its outer face l^ears a large, thin laminar ridge bordering the

anterior edge of the preoperc\ilum, as in Berijx. A small symplectic bone {sij.)

is exposed on the outer face of the suspensorium, and fits in a notch of the

quadrate {qn.). The palato-pterygoid arcade is partly shown in fig. 1 of Pis. Ill

and VII, but is nnicli obscured in both and incomplete at its upper margin in the

latter, where the entopterygoid is wanting. It evidently resembles the corresponding-

arcade of lievy.e, but the inner face of the deep laminar palatine (j'Z.) bears a more

extended patch of minute teeth, which is continued on the anterior end of the

ectopterygoid (fcpf.). The premaxilla {pmx.) completely excludes the maxilla from

the upper border of the mouth on each side, but only a very narrow margin is

exposed when the maxilla rests naturally upon it. The straight oral border of the

bone is widened and bears a broad band of minute, blunt teeth throughout its length,

well seen from the inner aspect in PL III, fig. 3. Its overlapped middle portion is

produced upwards into a small, thin wing (fig. 1, 'pmx., fig. 3) ; while its anterior

end is sharply upturned in a forked process. The maxilla {m,i\) is almost or quite

smooth, w4th a large, sharply upturned process in front, and a small triangular

expansion l)ehind. Its anterior process bears at the upper extremity a convex

facette for articulation with the palatine ; and the hinder half of the upper

border of the l)one is overlap})ed by two su})rama\ill;¥. Of these the postei'ior

3
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plate, imperfectly preserved in the original of PI. Ill, fig. 1 {snhv. 2), is quadrangular,

almost twice as long as deep, and marked on its outer face by rows of coarse

tubercles and rugge, whicli are mainly disposed in an antero-posterior direction.

Its antero-superior angle is produced forwards into a sharply pointed stylet above

the very small, triangular anterior supramaxilla {sin,r. 1), which is similarly orna-

mented. The mandible is deep, especially in the coronoid region, and the lower

half of its outer face, immediately alcove the tuberculated lower edge, is impressed

with a deep, continuous fossa for the slime-canal. Above this fossa the longitudinal

inedian ridge is coarsely tuberculated, especially where it expands a little on the

angidar bone (ar/.) and exhibits a disposition of the tubercles in oblique rows

directed downwards and backwards. Above this ridge the bone is again smooth,

and the widened, overhanging edge of the dentary (//.) bears a band of minute,

blunt teeth like those of the premaxilla.

The deep and large hyoid arch, seen from the inner side in PI. VII, fig. 1

(partly shown also in PI. Ill, fig. 1), is suspended from the lower end of the hyo-

]nandibular {Inn.) by a long and slender stylohyal or interhyal (///.). The triangular

epihyal {eph.) is relatively small ; and the large ceratohyal {cli.) has a broad plate

of bone connecting the two upper extremities of the ordinary hour-glass-shaped

element. The short and deep hypohyal {hij.) is subdivided into two pieces by a

transverse suture, the larger piece being below. Fragmentary remains of a large,

thin, laminar urohyal are also ol)servable in several specimens. The whole arch is

indeed closely similar to that of Beryx.

The greater part of the cheek is covered l)y the ring of circumorbital plates

(PL III, fig. 1, CO.), whicli are small and narrow behind the eye but much extended

lielow. Their orbittil margin is everted and tubercidated, while their lower margin,

immediately above the maxilla, is clearly serrated ; but the middle portion of all

the plates is quite smooth and forms a deep channel for the reception of the slime-

apparatus. The shape of the relatively large anterior circumorbital is well shown

in PL III, fig. 1 (fto.) ; and it appears to have been articulated with the prefrontal.

Scales are very rarely seen. on the cheek behind the circumorbital ring, but they

seem to have been present (B. M. no. 258G3).

The opercular apparatus is complete, and satisfactorily observed both in PL III,

fig. 1, and in a specimen described and figured in the ' Catal. Foss. Fishes Brit.

Mus.,' pt. iv, p. 400, pi. xvi, fig. 4. The preoperculum {pop.) tapers to the upper

end of the hyomandibular and gradually curves forwards at its lower end, without

much expansion of the rounded angle. It is deeply grooved for the slime-canal,

and the two thin edges of the bone bounding this fossa are delicately serrated.

The operculum {op.) is nnich deeper than wide, and its hinder border is produced

into two short and broad spines, of whicli the ujjper is connected by a strong ridge

Avitli the point of suspension. Its outer face is marked Avith a tul)ercular and

rugose ornament radiating from the same point. The subopercuhim, almost want-
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ing in the original of PI. Ill, fig. 1, is relatively small and triangnlar in shape, with

a prominent anterior ascending process. It is ornamented like the operculum.

The interopercnlum {i<>2->-) is of remarkable extent, and more coarsely ornamented

with slightly radiating tul)erculated ridges. Nine l)ranchiostegal rays have been

distinctly observed (B. M. no. 4l»04o).

The vertebral column comprises 10 (or perhaps 11) vertebra? in the al^dominal

region, and 14 vertel)ra3 in the caudal region. It is essentially similar to that of

Bevy.}', and the greater part of it, with imperfect arches, is shown in the original of

PI. IV, fig. 1. The foremost vertebral centra (wanting in fig. 1) are very short

and deep, without transverse processes, but with stout neural spines sharply pointed

at the upper end. The five posterior abdominal vertebrge, with centra as long as

deep, bear laminar transverse processes, which are inclined downwards as well as

outwards, and increase in size backwards. Their neural spines are antero-

posteriorly compressed, so appear very thin in side-vicAv in fig. 1. The ribs are

rather slender. The posterior al)dominal centra, like the caudals, are imj^ressed by

two large lateral pits separated by a broad median longitudinal ridge, which is

also impressed by smaller longitudinally-extended pits. The neural and hgemal

arches in the caudal region are stout and sharply inclined backwards ; and a speci-

men figured by Agassiz, torn, cit., pi. xiv d, fig. 3, shows the characteristic expan-

sion of the arches at the base of the tail. The penultimate and antepenultimate

hgemal spines seem to form stouter expansions than in Beri/,r.

The pectoral arch is suspended from the cranium by a large post-temporal, of

which only a fragment is shown in PI. Ill, fig. 1, pit. The greater part of this

element is a thin vertical lamina, with curved and serrated upper Ijorder,

strengthened by a ridge on its inner face (PI. VII, fig. 1, 2>^^), and connected with

the epiotic by a slender Ijar (B. M. nos. P. 5688, P. 5094). It exhibits a

thickened articulation with the supraclavicle (scL), which is deeper than broad,

with a straight and thickened anterior border. The upper half of the sigmoidally-

bent clavicle (PL III, fig. 1, cL), above the pectoral fin, is expanded into a thin

lamina, which is about twice as deep as broad and ornamented with fine vermicu-

lating ridges—finer than those on the opercular bones. The long, rod-shaped post-

clavicle almost reaches the ventral border of the fish (B. M. no. P. 5(392). The
small scapula (PL III, fig. 1) is pierced by an oval foramen. The pectoral fin-

rays {pd.) are comparatively delicate, probably short and about eleven in number.

Of the pelvic fins only a fragment is shown in PL III, tig. 1 ,
piv. When apparently

complete, each is observed to comprise a stout spine and six articulated rays, the

latter scarcely if at all longer than the former. The dorsal fin (PL III, fig. 1, do.)

arises above the insertion of the paired fins, and was evidently not subdivided. Its

anterior portion consists of six spines, which gradually increase in length back-

wards, are longitudinally ridged or fluted, and are borne by very stout winged

supports. These spines are imperfect in the original of PL III, fig. 1, and in most
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specimens ; but wlien complete the length of the longest spine nearly eqnals one

third the maximum depth of the trunk, and its length seems to be scarcely exceeded

by that of the foremost of the articulated rays, which were prol)ably about eight

to ten in numl)er. The anal fin arises slightly nearer to the pelvic pair than to the

caudal fin and is provided with four fluted spines (PI. Ill, fig. 4), which gradually

increase in length so that the longest is about as large as the longest dorsal spine.

Beyond the spines only fragments of articulated rays are seen in PI. Ill, fig. 4;

but another specimen in the British Museum (no. 4903()) clearly exhibits seven

supports for such rays in its anal fin. The caudal fin has never been completely

observed, but some specimens show that it must have been forked.

The scales are large, thin, and deeply overlapping ; and those of the flank are

deeper than broad. Their hinder border is gently rounded and very finely

pectinated, but the greater part of their exposed face is delicately rugose. Their

inner face sometimes exhibits a few tuljerculations. The numl)er of scales in a

transverse series on the flank of the abdominal region is about 11. The course

of the lateral line is marked l)y a smooth triangular prominence on each scale

of the series traversed, which is the ninth from the ventral border in the

abdominal region (PL III, fig. 1, //.).

Horizons and Localities.—Zones of Holuster suhijJohosns to Tfrchratnliua gracilis :

neighbourhood of Lewes, Sussex ; neighbourhood of Burham, Kent. Zone of

Holaster snhglohosus : Folkestone and Dover, Kent. Zone of Tctrhrahilina (/racilis :

Cuxton, Kent. Zone oi Micraster cor-testuJinarinm : Purley and Guildford, Surrey.

2. Hoplopteryx superbus (Dixon). Plate IV, figs. 2, 3; Plates \, VI ; Plate

VII, figs. 2—5.

1850. Beryx superhus, F. Dixon, Geol. Sussex, p. 372, pi. xxxvi, fig. 5.

1887. Hoplopteryx superhus, J. W. Davis, Trans. Roy. Dublin Soc. [2], vol. iii, p. 514.

1888. Hoplopteryx superhus, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 328.

1901. Hoplopterj/x superhus, A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, p. 403.

Ti/pe.—Imperfect fish from one of the Turonian zones ; British Museum.

Specific Characters.—A large species, attaining a length of about 45 cm., with

fins apparently similar to those of H. lewesiensis but the trunk slightly more

elongated and the scales relatively larger and more strongly ornamented tlian in the

latter species. Operculum less than twice as deep as broad. Lateral line travers-

ing the sixth or seventh longitudinal series of scales above the ventral l)oi'der.

Description of Specimens.—The type specimen in the Dixon Collection (B. M.

no. 25959), from Southeram, near Lewes, shows the greater part of the trunk with

remains of the median fins, and is inipei'fectly r('])resented of half the natm-al size
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in Dixon's figure. Tlie niaxininm depth of tlie ti-unk is shown to be considerably

less than the length from the pectoral arch to the base of the caudal fin ; and the

origin of the doi-sal and anal fins is seen to be as in H. leircsiensis. The large

characteristic scales are nnich abraded, so that they appear pitted and their hinder

•pectinations are fainter than they are i)roved to have been by better-preserved

specimens. The lateral line clearly passes along the sixth or seventh longitudinal

series above the ventral bordei- ; and it is conspicuously marked by small, smooth,

triangular eminences chiefly on tiie covered part of the scales traversed. The

general form of the fisli in side-view is better shown by another specimen in the

British Museum, which is represented of one-half the natural size in PI. IV, fig. 3.

The trunk is much laterally compressed as usual ; but, when seen from l^elow

(PI. IV, fig. 2), the ventral face of the abdominal region is observed to be flattened

as far back as the pelvic fins {pic), whence the ventral border forms an acute ridge

to the origin of the anal fin {a.).

Some of the principal characters of the head are exhibited by the distorted

specimen represented in PI. VI. The large triangular depression at the back of

the cranium is distinct, and the small, thin crest of the supraoccipital {socc.) rises

from its floor. Traces of the small scales investing this region are also seen. The

supraorbital flange of the frontal bone {sph.) is conspicuous, though imperfect at

the edge ; and the tubercular ornament of the cranial roof seems to have resembled

that of II. lewesieasis. The jaws agree precisely with those of the latter species,

except that there are some traces of tubercles along the exposed edge of the

anterior half of the maxilla {in,v.). Another specimen, on the slab photographed in

PI. V, shoAVS that there are minute clustered teeth on the palatines and also on the

thickened end of the vomer, as in Beryx. The large lower circumorbital plate in

the specimen figured {no.) appears similar to that of //. lewesiensis ; but other

examples {e. g., PI. VII, fig. 2) seem to show that, when unbroken, the everted

edge of this plate is relatively wider than in the latter species and rather finely

tuberculated. On the cheek behind and below the circumorbitals there are small

pectinated scales, as indicated by remains of a second fish preserved on the same

block of chalk as the specimen figured. The anterior ridge of the preoperculum

{jw}).) seems to exhil^it a slightly sharper bend at the angle than in II. Jewesiensis

;

and the operculum {op.) is a little wider in proportion to its depth than in the latter

species. The sharp indent between the two flat spines of the operculum is also

noteworthy. Its ornamentation is more variable than usual in species of

EoplopterijA'. Sometimes the discontinuous oblique ridges and tubercles shown in

PI. VI become fused into smooth and regular, nearly parallel ridges (as on one

operculum in the left lower corner of PI. V). Sometimes there are fine vermicu-

lating rugge between the prominent ridges (B. M. no. P. 3982). Seven branchio

stegal rays are exhibited by one specimen on the slab represented in the photograph,

PI. V, and there raav have been more.
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The vertehral column is partly shown in PI. VI, and so far as preserved in this

and other specimens it closely resembles that of H. lewesiensis. The anterior

abdominal vertebrse are clearly destitute of transverse processes. The ribs are

rather stout (B. M. no. P. 7G53).

The outer plate of the clavicle (PI. VI, cL) exhibits an ornament in its hinder

half as coarse as that of the operculum. The lower portion of the l)one is mucli

expanded into a transverse lamina (B. M. no. P. 9153). The pectoral fin seems to

have been as small and delicate as in H. leiresieiisi-^. The pelvic fin has a very

stout, ribbed anterior spine followed by seven articulated rays. Tlie bases of only

six of these rays are seen in PI. VI, ph., but the complete number is indicated in

PI. IV, fig. 2, |>/r. The dorsal fin is imperfectly known, but in the type specimen

its anterior portion evidently consists of about six very stout, ribbed spines, and

these are followed by at least seven equally stout articulated rays. The anal fin

comprises four ribbed spines and seven articulated rays (B. M. no. 394:i]). Of the

caudal fin only fragments are known.

The scales are large, rather thick, and deeply overlapping ; and those of the

flank are deeper than broad. Their overlapped portion has a truncated anterior

l)order, towards which a few grooves radiate from the centre of the scale, as shown

in PI. VII, figs. 3, 4. Their exposed portion, wdien unabraded, is coarsely rugose

and strongly pectinated at the posterior border, as indicated in the same figures.

Their inner face bears a cluster of large, rounded tubercles, as shoAvn in the

counterpart of the type specimen (PI. VII, fig. 5). There are aljout 24 transverse

series of scales on the trunk, each comprising 10 or 11 scales, of which the sixth or

seventh above the ventral border is traversed by the lateral line. Some small scales,

as already mentioned, extend over a portion of the cheek ; and a few are seen

covering part of the antero-superior margin of the operculum (B. M. nos. 39431,

P. 7653^).

The greater part of a unique slab of chalk in the Beckles Collection (B. M. no,

P. 9153), covered with remains of se^s'eral individuals of Boploptery.r siiperJms, is

shown of one half the natural size in the photograph, PI. V. These fishes seem to

have been suddenly destroyed and rapidly buried before there w^as much oppor-

tunity for decay. The principal specimen near the middle of the slab displays a

widely gaping mouth, and the head partly torn from the trunk. Nearly all the

specimens retain their original rotundity. A ventral view of the fish at the lower

border of the slab is given in PI. IV, fig. 2, already described.

Horizons avd Localities.—Zones of Tilit/nclioiieJIa Cuvieri and Tcrehrtiiulina

(jracilis : neighl)ourhood of Lewes, Sussex. Probably same zones in Burham

district, Kent.
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3. Hoplopteryx simus, sp. nov. Plate VIII, figs. 1—4 ; Text-figure 5 c.

1837-39. Beryx oniatus, L. Agassiz (errore), Poiss. Foss., vol. iv, p. 117, pi. xiv d, fig. 2.

Ti/pe.—Imperfect head ; British Museum.

Specific Character!^.—An imperfectly known species, probably not exceeding

20 cm. in length. Length of head with opercular apparatus considerably less than

the maximum depth of the trunk. Tubercular and rugose ornament of external

bones very coarse, the rounded tubercles being especially large on the shortened

snout. Operculum twice as deep as broad. Scales moderately thick, with short

but coarse pectinations at the hinder border ; all the scales smaller than usual in

the genus, probably almost 20 in a transverse series on the trunk ; the lateral line

traversing about the fourteenth longitudinal series above the ventral border.

Description, of Speciineiis.—The type specimen (B. M. no. 49073) displays

remains of a head of the typical Hoplopteri/x-type, with unusually coarse and

strongly-developed ornament, which is very conspicuous on the shortened snout,

and is so much developed on the lower part of the mandible as to form bridges

over its slime-canal and thus partially sul)divide it (PI. VIII, fig. 3). A similar head

in association with remains of the greater part of the trunk (B. M. no. P. 387)

shows that the fish must have had much the same proportions as H. leicesiensis,

with an inferiorly-flattened abdominal region.

Other imperfect examples of the head in the British Museum display nearly all

its principal characters, and show the curiously shortened form of the cranium

(Text-fig. 5 c). A fracture in B. M. no. P. 5700 reveals evidence of a basicranial

canal. The smooth floor of the extensive depression of which the supraoccipital

forms a large part, is exhibited in one specimen (PI. VIII, fig. 1, socc.) ; and its

lateral bounding wall, ornamented externally at the upper edge by large rounded

tubercles, is shown in other specimens (e. g., PI. VIII, fig. 2, /.). In advance of the

anterior apex of this cavity the frontals (fig. 1,,/V.) are thickened by a mass of

large, smooth tubercles, Avliich cluster round a pair of anterior frontal slime-pits (ii)

and spread outwards into a similar tuberculation and thickening of the supraorbital

flange. The mesethmoid {eth.), which is about twice as broad as long, completes

the cranium in front, with a re-entering angle for the ascending processes of the

premaxillffi. Its anterior and lateral borders are also much thickened by a cluster

of large rounded tuljercles, which Ijound another pair of slime-pits (in). These

are somewhat larger than the anterior frontal pits, and each is directly connected

with the latter of the same side by a foramen through the intervening barrier,

which evidently corresponds Avith the thin spicular In-idge of l)one occupying the

same position in //. lewesieiisis.

The mouth is as large as in IL leicesiensis, but tliere are differences in the shape
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and ornamentation of the l)ones. The middle portion of the premaxilla (figs. 1, la,

pruv.) is less elevated into ajprominence than in the latter species.. The posterior

supramaxilla (fig. 1 a, smx. 2) is abont three times as long as deep ; while its orna-

ment of longitudinal rugse and tubercles is continued over the outer face of the

maxilla {mx.). The mandible exhibits its usual ornamented i-idge ; but the orna-

ment consists of very large tubercles, which extend over a series of l^ridges span-

ning the longitudinal slime-canal to the loAver border of the jaw. The mandibular

slime-canal thus appears as if it were subdivided into a series of pits (fig. 3).

There are six liranchiostegal rays attached to the right ceratohyal of the type

specimen.

The circumorliital cheek-plates exhil)it their usual development (fig. 1 a, co.) ;

]3ut the everted rim of the lower circumorbital (ao.) which is coarsely tuberculated,

is notably wide. The inferior margin of this circumorbital bears oblique pectina-

tions. The postero-inferior jjart of the cheek is covered with small scales (.s-.), which

are thickened by a few coarse jDectinations and tubercles at their hinder border.

The opercular apparatus is more coarsely ornamented than in H. Jetresiensis,

and the hinder border of the operculum (fig. 2, op.) is curiously excavated

immediately above its large spine. Between the main ridges of the ornamentation

there are also very fine vermiculating ridges, of which those on the operculum are

chiefly directed downwards and backwards.

The anterior part of the vertebral column is partly shown ])y a specimen in the

Mantell Collection (no. -4-004), which is figured by Agassiz, torn, cif., pi. xiv d,

fig. 2. This fossil clearly Ijelongs to H. siimis, although the head is very fragmen-

tary and most of the ornamented face of the outer bones is destroyed. The verte-

brae exposed resemble those of H. leivesiensis, but the four anterior caudal centra

are perhaps a little shorter and deeper than in the latter s]iecies.

The fins are only known by unsatisfactory fragments ; but one specimen (B. M.

no. P. 887) seems to show that the pelvic, dorsal, and anal fins were situated as in

H. lewesiensis, while there were six ribbed dorsal spines. The same specimen

shows part of the squamation. The scales are smaller than usual in the genus, and

there were probably about twenty in each transverse series on the flank of the

abdominal region. The lateral line (PI. VIII, fig. 4, /.) forms a very prominent

smooth ridge on each scale of about the fourteenth longitudinal row al)Ove the

ventral border. The hinder margin of the scales is usually destroyed, but when

well preserved it bears a few short, coarse pectinations.

Horizons and Localities.—Probably zone of Hola.^ter snhglohosns : neighbourhood

of Burham, Kent ; Dorking, Surrey ; Clayton, Sussex. Probably a Turonian

zone : Lewes, Sussex. One specimen in the Bi-ighton Museum (Willett (Collection

no. 03) is labellcMl "T'pper Chalk, lirighton."
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Geimx HOMONOTUS, Dixon.

Homonotus, F. Dixoii, Geol. Sussex, 1850, p. 872.

Gpueric Cliaracfers.—Trunk deepened and laterally compressed, with rounded

ventral border. Frontal region of skull not deeply ridged
;
jaws with minute

clustered teeth ; orbit small or of moderate size ; preoperculum without spine, only

serrated ; operculum produced into one long spine behind. Pelvic fins, with one

spine and G divided rays, arising below the origin of the pectorals ; dorsal fin much
extended, its anterior portion comprising at least 12 long and slender spines, which

are not pressed closely together ; anal fin with -i large spines. Scales pectinated,

rather large and thin, none much enlarged or thickened ; lateral line forming a

conspicuous ridge.

Type Species.—Homonotus dorsalis from the English Chalk.

1. Homonotus dorsalis, Dixon. Plate VII, figs. 6, 7 ; Plate VIII, figs. 0, 7.

1850. Homonotus dorsalis, P. Dixon, Geol. Sussex, p. 372, pi. xxxv, fig. 2.

1888. Homonotus dorsalis, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 329.

1901. Homonotus dorsalis, A. S. Woodward, Catal. Poss. Fishes B. M , pt. iv, p. 408.

Ti/pf.—Imperfect fish from Mailing, Sussex ; Willett Collection, Brighton

Museum.

Specijie Cluiraders.—The type species, probably attaining a length of about 15

cm. Length of head with opercular apparatus less than the maximum depth of

the trunk and exceeding half its length from the pectoral arch to the base of the

caudal fin. Length of longest dorsal fin-spines equalling about half the maximum
depth of the trunk, and longest anal fin-spine somewhat shorter. About 13

scales in a transverse series on the abdominal region, those of the ventral half

the more strongly ornamented.

Bescripfion of Specimens.—This is a rare species known by the type in the

Brighton Museum, h\ a small series of specimens in the British Museum, and

by three others in the collection of Dr. H. P. Blackmore, Salisbury.

The general proportions of the fish may be inferred from the type and from two

imperfect specimens in the British Museum, nos. 43264 and P. 1952 «. There is

also an imperfect small fish from the zone of Holaster suhglohosns at Burham
(B. M. no. 41673), which may perhaps be an immature individual of the same

species. No. 43264 is shown of the natural size in PI. VIII, fig. 7, and is some-

what elongated liy the distortion of the head and tail. The head with opercular-

apparatus is about as long as deep. Its length equals less than the maximum
depth of the trunk, l)ut more than half the length from the pectoral arch to the

4
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base of the caudal fin. The depth of the caudal pedicle seems to be contained

nearly three times in the maxinuim depth of the abdominal region. The fish must

have been much laterally compressed.

As shown by the type specimen and by B. M. no. P. 1952 a, the head in side-

view is triangular, with a sharply pointed snout. The cranium is bent above the

middle of the orbit ; and its short hinder portion, over which the muscles originally

extended, is surmounted by a deep and triangular, laminar, median longitudinal

crest (PI. VIII, fig. 6, soec). The frontal profile is steep and straight. The

frontal bones are partly shown from above in PI. VIII, fig. 7 (/r.), and do not bear

any large slime-cavities. The orbit is not very large, its depth being less than half

that of the head without the crest. The cheek-plates are imperfectly known ; but

there is a large anterior suborbital (PI. VIII, figs. 6, 7, ao.), which is ridged on its

outer face l)y the radiating branches of the sensory canal and is strongly serrated

on its loAver margin. The mandibular suspensorium is inclined forwards so that

the articulation of the mandible is not behind the middle of the orbit. The

long, slender premaxilla (PI. VIII, fig. 6, pm,v.) completely excludes the maxilla

(mx.) from the gape, as usual ; and the latter element terminates behind in a

smooth triangular expansion, Avhich is smaller in a typical specimen (B. M. no.

33230) than in the doubtful small fish from Burham (PI. VIII, fig. 6, m,v.). The

large hinder supramaxilla is ornamented with longitudinal rugge on the left side

of B. M. no. 33230, while in the Burham specimen it is smooth {sm,v.). When
well preserved, as in no. 33230 (PI. VII, fig. 7, md.), the mandible exhibits a

deep, longitudinally extended fossa on its outer face for the accumulation of

slime round the sensory canal. The bounding ridges are coarsely crenulated.

The teeth are minute, uniform in size, and clustered in both jaws.

The opercular apparatus is best known by fragments on the right side of B. M.

no. 33230. The preoperculum is deep and narrow, curved rather than sharply

bent at its angle, which does not bear a spine. It is traversed by a deep groove

for the sensory canal, and the bounding ridges are coarsely though regularly

serrated. The operculum, also partly shown on the left side of the same specimen

(PL VII, fig. 7, op.), must have been shaped nearly like that of Hoploj^teri/x, but

with only one long and acute spine projecting from its hinder margin in the upper

portion. Its outer face is covered with delicate rugse which tend to radiate back-

wards and downwards ; and with this ornament are interspersed in the hinder

half a few short radiating ridges, of which the largest passes into the prominent

spine. The suboperculum is not satisfactorily known, but the interoperculum is

ornamented with coarse radiating ridges. Five branchiostegal rays are observable,

but there were probably more.

The vertebral column seems to comprise 10 vertebra; in the abdominal region,

and probably about 14 in the caudal region. So far as known, the vertebrae

resemble those of Bcri/x and Iloplopteriix. A few of the caudals are especially
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well exposed in B. M. no. o9074, and the separate laminar nenral spines at the

base of the caudal fin are seen (PI. VII, fi^-. (>).

In the pectoral arch the clavicle is much expanded above the base of the fin,

and this exposed lamina (PI. VII, figs. G, 7, cJ.) is ornamented with fine rugse

which pass into coarser pectinations at its hinder border. Only slight traces of

the pectoral fin have been observed, and it must have been small and delicate. The

pelvic fins are inserted directly beneath the pectoral pair, and distinctly comprise

seven robust rays, of which the foremost seems to be a stout, longitudinally ridged

spine (PI. VII, figs. 6, 7,2)1 v.). The length of these rays is indicated by remains

in the original of PI. VIII, fig. 7
(
jj/t'.). The median fins are only known by frag-

ments, and the total numljer of ra3*s is uncertain. The counterpart half of a

specimen in the Dixon Collection (B. M. no. 25910) appears to show that there are

12 dorsal fin-spines, all slender and impressed with at least one longitudinal groove.

The first 5 or (> spines gradually increase in length ; and the length of the others

equals about half the maximum depth of the trunk. The proportions of some of

these spines are shown in PI. VII, figs. G, 7, and PI. VIII, fig. 7. The spines of

the anal fin (PI. VII, figs. G, 7, a.) are rather stouter than those of the dorsal fin.

They are four in number, with separate supports (PI. VIII, fig. 7, a.), and

gradually increase in length to the fourth, which is not so long as the longest

dorsal spines. The articulated rays in the dorsal and anal fins are scarcely known,

but two specimens show that the extent of the anal fin equalled at least the length

of nine vertebrae. The caudal fin is also known only by fragments {c.'j., PI. VIII,

fig. 7, t'.), but it must have been rather large and forked.

The scales (PI. VII, fig. 6 a) are large, thin, and deeply overlapping ; none

extend OA^er the head or fins. Their number seems to be about thirteen in a trans-

verse series on the flank of the abdominal region. Their hinder border is gently

rounded, and their exposed face is marked with radiating pectinations, which are

most conspicuous on the ventral scales of the abdominal region. As shoAvn by the

original of PI. VII, fig. 7, the ventral border is rounded, Avithout modified ridge-

scales. The course of the lateral line is marked by a rounded ridge on each of the

scales traversed, and this ridge is still prominent quite at the end of the caudal

pedicle (PI. VII, fig. 7).

Horizons and Localities.—The type specimen seems to liaA-^e been obtained from

the zone either of lihynchonella Giivieri or of Terehratidina gracilis at Mailing, near

Lewes, Sussex. The small specimen in the British Musevmi, already mentioned,

was probably found in the zone of Holaster suhglohosus at Burham, Kent. The

species, however, occurs more commonly in one of the higher zones of the Chalk, pro-

bably in that of Micmdrr coranguinum : Bromley, Northfleet, and Grravesend, Kent

;

Micheldever, Hampshire. It has also been obtained by Dr. H. P. Blackmore from

the zone of Actiuocamax quadra.tus at East Harnham, and from the Uintacrinus-

band of the zone of Marsiijnfc^ near Salisbury.
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2. Homonotus rotundus, sp. nov. Plate VII, fig. 8.

2'//2?e.—Distorted fish ; British Museum.

Specific Characters.—A smaller species than the type of the genus with more

deepened trunk. Length of longest dorsal fin-spines not exceeding one-third the

maximum depth of the trunk ; fourth anal fin-spine at least as long as the longest

dorsal fin-spine.

Description of Specimens.—This small fish is known by two small specimens in

the British Museum, the largest (no. P. 5682) representing an individual perhaps

10 cm. in total length, with a maximum depth of about 4 cm. The dorsal region

of another fish as large as the latter is also preserved in Mr. Dibley's collection.

The type specimen, which is much distorted, is shown of the natural size in

PI. VII, fig. 8. Its head is almost destroyed, the remains only comprising recognis-

able portions of the pectinated antorbital. The trunk must have been originally

almost orbicular with a much contracted caudal pedicle. The vertebral column is

distorted, but so far as it can be compared, it resembles that of H. dorsal is. The

dorsal fin (d.) clearly extends along the greater part of the back, and its anterior

portion consists of 12 slender spines, each marked with a longitudinal groove and

fixed to a winged support. The foremost four of these spines rapidly increase in

length, the next four are about equal, and the last four are slightly the longest.

The length even of the latter must have been contained at least three times in the

maximum depth of the trunk. Behind the spines there seem to be traces of not

less than 15 articulated dorsal fin-rays, arranged in a series extending quite to the

base of the contracted caudal pedicle. Among the remains of the anal fin (a.) the

fourth anterior spine is well preserved, and it is as long as either of the four hinder-

most dorsal fin-spines. It is followed by not less than 13 articulated rays, and the

anal fin must have terminated exactly opposite the end of the dorsal fin. The

scales are large and thin, as usual, and some of them exhi])it traces of their hinder

pectination.

The larger specimens already mentioned do not display any additional

characters of the species. B. ]\I. no. P. 5082 exhibits the triangular supraoccipital

crest of the skull.

TTorizons and Localities.—The type specimen was obtained by the late Mr.

Harris of Charing from Page's Pit, Westwell, near Charing, Kent, and evidently

belongs to the zone of Holaster .suhrjlohosus. The largei' specimen, from the Harford

Collection, is of uncertain origin. Mr. Dibley's specimen was discovered in the

zone of Holaster suhglohosus, Blue Bell Hill, Burham.
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Genus TRACHICKTHYOIDES, iiovuiii.

Generic Characters.—Frontal region of skull depressed and flattened, with a

shallow, antero-posteriorly elongated, rhombic depression occupying its middle

portion ; ethmoidal region very small ; mouth small, with minute clustered teeth

;

orbit of moderate size
; preoperculum without spine, only serrated ; operculum

irregularly triangular in shape, its hinder margin being produced into one very

prominent broad spine. Scales pectinated, extending over the cheek.

Type Species.— Tracliiclithyoides ornatus, from the Chalk of Kent.

Bemarhs.—This genus is as yet known only by the head, which seems to have

been very similar to that of the existing genera TraclticJttln/s and Gepliijroherij.f, l)ut

lacks the preopercular spine.

1. Trachichthyoides ornatus, sp. nov. Plate VIII, fig. 5.

Tijpe.—Imperfect head ; British Museum.

Specific Characters.—Maximum width of cranium slightly exceeding half its

length ; cranial ridges and supraorbital border finely rugose and tubercular.

Maximum width of operculum equalling two-thirds of its depth.

Description of Specinien.—The unique fossil on which this species is founded,

is shown of the natural size from the left lateral and suj^erior aspects in PL VIII,

figs. 5, 5 a. The cranium is well preserved, shown a little obliquely in fig. 5,

directly from above in fig. 5(/. The parietal-squamosal region is very short, and

there is no supraoccipital crest rising above the plane of the flattened cranial i-oof.

The occipital plane slopes backwards and downwards. The large frontal bones

(/r.) are divided by a persistent median suture, and do not taper in front, where

each is obliquely truncated. Each expands at the outer side into a supraorbital

flange, and this is connected by a ridge Avith a bent longitudinal ridge, which

bounds a shallow slime-cavity in the middle of the cranial roof. Another short

ridge extends from the chief frontal ridge to the pterotic region ; and on the floor

of a shallow slime-cavity in the anterior half of the frontal bone an oval vacuity is

conspicuous. The supraorbital Ijorder and all the ridges are ornamented with

fine though prominent tubercles and vermiculating rugie. A fragment of the

mesethmoid [etli.) proves this element to have lieen comparatively small and

narrow. Remains of the circumorbital ring of cheek-plates {co.) exhibit a broad,

everted orbital rim, which is ornamented like the ridges of the cranium and over-

hangs a deep channel for the slime of the sensory apparatus. The largest plate

beneath the eye is serrated on its loAver edge. Behind and beloAV the circumorbital

ring, the cheek is covered with strongly pectinated scales (.?.). The depth of tlie
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orbit in tlie fossil is evidently reduced by crushing, and the remains of the jaws

are somewhat displaced ; but the suspensorium must have been inclined a little

forwards, with the articulation for the mandible beneath the middle of the eye.

The jaws, so far as preserved, resemble those of Hophpteryx, with the same con-

spicuously ornamented supramaxilla {smx. 2). The preoperculum (pop-) also

resembles that of Hoploj)tery,v, with rounded angle and strongly pectinated hinder

border. The well-preserved operculum (op.) shows traces of scales covering its

antero-superior edge, but the greater part of it is exposed and ornamented with

strong, short, rounded ridges, which are directed backwards. Two larger ridges

beneath these extend from the point of suspension of the operculum to its great

flattened posterior spine. The sul)operculum (sop.) is relatively small, with ridged

ornament directed downwards and backwards ; while the interoperculum, exposed

on the right side of the fossil, is large and similarly ornamented. The deep

ceratohyal, shaped like that of Hoplopteryx, bears some large branchiostegal rays.

The expanded upper lamina of the clavicle {d.) and the scales are very strongly

pectinated. The pectoral fin-rays (pet.) must have been delicate.

Horizon and Locality.—The matrix of the type and only known specimen in the

Bowerbank Collection much resembles the marly chalk of the zone of Holaster

suhglohosHs. It is labelled as having been obtained from Bromley, Kent.

Snhorder ABODES.

Fdiii ily MUE iENID.E

.

Germs URENCHELYS, A. S. Woodward.

Urenchelys, A. S. Woodward, Ann. Mag. Nat. Hist, [7], vol. v, 1900, p. 322.

Generic Gharacters.—Teeth small, l)luntly conical, and arranged in numerous

series. Slender branchiostegal rays not curving round the opercular apparatus.

Vertebrae somewhat exceeding 100 in number, the hindermost bearing a pair of

expanded hypural bones. Bectoral fins present ; dorsal fin arising immediately

behind the occiput and extending to the caudal fin, which has stouter rays and is

very small but separate. Scales rudimentary.

Type tipecies.— llreurliclys avus, from the LTpper Cretaceous of Saliel Alma,

Mount Lebanon.

Remarks.—This genus is interesting as comprising the oldest known eels, which

differ from all the Tertiary and existing eels in still retaining the caudal fin.

Nearly complete specimens of two species have been obtained from the Upper

Cretaceous of Mount Lel^anon ;' but only imperfect skulls have hitherto been dis-

1 Urenehelys avus and U. hahelensis, A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, 1901,

pp. 337—339, pi. xviii, figs. 1—3.
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covered in tlie Engiisli Chalk. The Latter fossils are provisionally ascribed to

JJrencliehjs on account of their dentition and their general resemblance to the

corresponding parts of the species from the Lebanon.

1. Urenchelys anglicus, A. S. WoodAvard. Plate IX, figs. 1— 3.

1900. JJrencliehjs aiujlicus, A. S. Woodward, Anu. Mag. Nat. Hist. [7], vol. v, p. 321, pi. ix, fig. 1.

1901. Urenchelys anglicus, A. S. Woodward, Catal. Foss. Fishes B. M., jjt. iv, p. 339.

T!/2)e.—Imperfect head from a Turonian zone ; Willett Collection, Brighton

Museum.

Specific Characters.—An imperfectly known and comparatively large species,

the skull attaining a length of about 7 cm. Head much deeper in proportion to its

length than in the type species.

Description of Specimens.—The type specimen is the only nearly complete head

yet discovered, and is represented of the natural size from both sides in PI. IX,

figs. 1, 1 a. The information it affords is partly confirmed, partly supplemented by

two other fragments evidently of the same species in the British Museum.

The cranium is shown to be very narrow and elongated, and its constituent

bones are remarkably stout. Its roof in the parietal and frontal regions rises into

a sharp median longitudinal ridge, and the occipital border is also raised. The

parietal bones {pa.), as usual, meet in the middle line, but the shape of the suture

between these and the frontals is uncertain. The squamosal bone on each side

(PL IX, fig. 2, S(p) is traversed by a deep longitudinal slime-canal and extends in a

slender pointed extremity nearly as far forwards as the anterior end of the frontals.

The alisphenoidal ossification {as) is seen below. There is a sharp post-orbital

prominence (fig. 1, sp.), evidently formed by the cartilage-postfrontal or sphenotic.

The precise shape of the ethmoidal rostral region (fig. 1, eth.) is not shown in

either of the known specimens ; but its total length seems to be about half that

of the whole cranium. A displaced stout bar of bone on the right side of the type

specimen above the maxilla is probably the parasphenoid {yas.).

The mandibular suspensorium is well displayed on each side of the type speci-

men. The upper articulation of the expanded hyomandibular {Jmi.) extends as far

forwards as the sphenotic; and the articular end of the quadrate {qu.),iov the

support of the mandible, is directly beneath the same element. The pterygoid

arcade (PL IX, fig. 3, pt.) is very delicate and toothless, and quite short, as usual

in eels. The maxilla (fig. 1, mx.) is especially stout; and this element is displaced

both on the left side of the type specimen (fig. 1 a, mx.) and in B. M. no. P. 4510 a,

(fig. 2, mx.) so as to expose its oral face, which is expanded, slightly concave, and

marked with the bases of attachment of clustered small teeth. The premaxillfe
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(fig. 1, pm.v.) seem to be fused into a continuous mass with the mesethmoid and

vomer. The bone thus formed is expanded and obtusely rounded in front, while

its oral face is covered with a dense cluster of small, l^luntly conical or hemi-

spherical teeth. The mandible (d.) is deepest in the coronoid region, and tapers

towards the symphysis with a characteristic curvature. The oral face of the

dentary bone is somewhat expanded, and covered with a cluster of obtuse teeth

resembling those of the rostrum but smaller.

The j^reoperculum (fig. 1, jJ0/>.) is well preserved in the type specimen, attached

to the hinder border of the mandibular suspensorium. It is a rather stout bone,

with a thickened straight anterior margin, and a small, semicircular posterior

expansion. The operculum (fig. 1, op.) is a very small bone, constricted just below

its thickened suspensory articulation and slightly expanded distally.

There are traces of verteln'^ in the type specimen, but these are too imperfect

for description.

Horizon and Localities.—Type specimen from zone of IiJn/ii(diouella Cuvieri or

Terehratulina gracilis : Houghton, Sussex. Another specimen probably from same

horizon near Dover.

Suborder ISOSPONDYLI.

Family ScorELiD.E.

Genus SARDINIOIDES, ^\. von der Marck.

Sardinioides, W. von der Marck, Zeitschr. deutsch. geol. G-es., toI. x, 1858, p. 245.

Dermatoptychus, W. von der Marck, Palaeontogr., vol. xv, 1868, p. 287.

Generic Characters.—Head large, and maximum depth of trunk at origin of

dorsal fin. Cranial roof flattened, parietal bones meeting in middle line, and inter-

orbital region wide ; mandibular suspensorium nearly vertical
; jaws moderately

stout, and maxilla expanded behind; teeth minute and clustered; cheek scaly.

Branchiostegal rays about 9 in number. Vertebrte between 30 and 40 in number,

about half being caudal ; the centra longitudinally striated and not longer

than deep; ribs deHcate. No fin-rays elongated, but two or three in front of

median fins undivided and spinous. Pectoral fins delicate and small, inserted

well above ventral l)or(l(M'; })elvic fins larger and stouter, with about 7 rays,

opposed to the dorsal fin, which is nearly median and comi)rises from 10 to

18 rays; anal fin liehind dorsal, at least as deep as long, with about 10 rays;

caudal fin slightly forked. Scales large and uniform, finely serrated on the liinder

border, not deepened or thickened along the course of the lateral line.



SARDINIOIDES. 33

Type Species.—Sardinioides monasteri {Osmeroldes monasterii, Agassiz, Poiss.

3., vol. V, pt. ii, 1839-44, p. 103, pi. \xd, fig. 3), from the Senoniaii of

Westphalia.

Remarks.—The species of this genus are common in the Upper Cretaceous of

Westphalia and Mount Lebanon, and the external aspect of one of the typical

Fig. 6. Sardinioides crassicaudus, W. von der Marck ; restoration, about one-half nat. size.

—

Senonian ; Westphalia. The hinder extension of the suboperculum here represented is hypo-
thetical, not yet observed.

forms is represented in the accompanying restoration, Text-fig. 6. The cranium of

the genus has hitherto remained almost unknown; but the head of one Westphalian

specimen in the British Museum (no. 43010), favourably exposed from above, seems

to show a cranial roof identical with that of an Endish Chalk fossil, which other-

^^^^^^^

Fig. 7. ChloropMhalmus chalyheius, Goode ; about nat. size.-

After Goode and Bean.
-Existing in moderately deep sea.

wise displays several features in common with Sardinioides. The new specimen

described below, if correctly identified, is thus of importance as affording the first

clear view of the top of the cranium of Sardinioides, demonstrating its close resem-

blance to the corresponding part of the existing genus Aulopus (PI. X, figs. 2, 2 a).

The whole aspect of the head and opercular apparatus in the new 8. illvstraus is,

5
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indeed, very suggestive of the latter genus ; though Auhpus is proved to differ

from the typical species of Sardinioides by its more numerous vertebrae (total 50),

and by the elongation of some of its dorsal fin-rays. Chlorophthalmus (Text-fig. 7)

is also an allied existing genus.

1. Sardinioides illustrans, sp. nov. Plate X, fig. 1.

1901. Sardinioides, sp. ind., A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, p. 242.

Type.—Imperfect fish from English Chalk ; British Museum.

Specific Characters.—A robust species, attaining a length of about 20 cm. Im-

perfectly definable, but probably most closely resembling the type species,

S. monasteri, with more feebly pectinated scales.

Description, of Specimens.—This species is known only by the type specimen

(PI. X, fig. 1), and by an imperfect head in the British Museum. It is therefore

not 3^et precisely definable.

As shown from above (PI. X, fig. 1) the cranium is short and broad, with a

flattened roof and wide interorbital region. The occipital border is straight, and

the hinder face of the small supraoccipital bone bears a low median crest {socc),

which does not rise above the plane of the cranial roof. The thickened epiotic

angles {epo.) project through the scales in the fossil. The short and broad parietal

bones {pa.) meet in the median line, and that of the left is larger than that of the

right side. The small squamosal and postfrontal bones must have partly covered

the otic region, of which the roof slopes downwards and outwards on each side.

The postfrontal (p//.) is a narrow curved plate of bone, with its long axis directed

at right angles to that of the cranium. The frontals (/r.) are remarkably broad

throughout their length, and meet in a wavy median suture. There is a slight

depression in their middle part, and they are traversed by a pair of very large

longitudinal slime-canals. Each frontal is expanded over the hinder half of the

orbit into an extensive supraorbital flange, which terminates suddenly in front and

is continued by an antero-posteriorly elongated supraorbital bone (sph.). This

region has been cut away in the second fossil in the British Museum (no. 49057).

Beneath the truncated anterior end of the frontals, the short and broad mesethmoid

(rfh.) projects slightly forwards. Its front border is thickened and excavated by

a slight re-entering angle, beneath the middle of which there is a little bony

prominence. A pair of very small, long and narrow nasal bones {iix.) can also be

distinguished. All these bones, except the inesethmoid and nasals, bear a very

delicate ornament of radiating wrinkles or ruga?.

The eye is shown to have been rather large and surrounded by a narrow ring

of circumorbital plates. All these are imperfect in the type specimen, but the fore-

most plate of the ring is relatively large, and must have completely covered the
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part of the cheek between the anterior half of the orbit and the maxilla. It shows

traces of the usual slime-canal with radiating branches. Behind the circumorbital

ring there are remains of large thin scales on the cheek.

The mandibular suspensorium is slightly inclined forwards, so that the quadrate

articulation is beneath the hinder border of the orbit. The premaxilla (fig. 1 a,

pmx.) is remarkably slender, completely excluding the maxilla from the gape ; and

the anterior half of its oral border is quite wide and tumid for the support of a

cluster of minute teeth. The maxilla {vix.) is a stouter, laterally compressed bone,

gradually expanding a little behind, and ornamented on its outer face with fine

rugae or partially subdivided ridges, of which the majority are directed obliquely to

its long axis. The supramaxillas (smx. 1, 2) extend along the hinder half of the

maxilla, and resemble the two corresponding elements of the existing Aulojjus (PI.

X, fig. 2). The mandible (md.) is a thin lamina much curved inwards below, and

somewhat contracting and thickening to a truncated symphysis in front. Its oral

border bears clustered minute teeth, and its oviter face, where well preserved, is

seen to be finely rugose.

The preoperculum {pop.) has a nearly vertical ascending limb, tapering to the

upper end of the hyomandibular. Its angle is gently rounded and not much

expanded,, while its lower limb is comparatively short but wide. Its outer face

seems to have been nearly smooth, and its hinder border is not serrated. The

operculum {op.) and suboperculum {sop.) are rounded behind and below, and the

latter element is relatively large, extending far upwards behind the operculum

itself. Both bones are ornamented with a delicate rugosity, which tends towards

a radiating arrangement on the operculum. Traces of long and slender branchio-

stegal rays are seen {hr.).

The centra of the hinder abdominal vertebrjB (fig. 1 h) are not longer than deep.

They are much constricted, and strengthened by one median latei'al ridge. The

ribs are slender and articulate directly with the centra, which do not bear trans-

verse processes.

The pectoral fins {pd.) comprise not less than 10 or 11 rays, of which only the

bases are preserved in the fossil. The pelvic fins {p)h\) are shown to have been

far forwards, with rays much stouter than those of the pectorals. The dorsal fin

{d.) also arises far forwards, and consists of very stout rays. It is crushed down-

wards to the left in the fossil, and its winged, dagger-shaped supports (/.) are

exposed to the right. Only 10 dorsal fin-rays are clearly seen, though there w^ere

possibly more in the original fish; and their articulated distal ends are almost

entirely wanting.

The scales are large and thin, and Avhen their outer face is well preserved they

are observed to be delicately pectinated at the hinder margin.

Horizon and Locality.—Unknown, but probably from one of the lower zones in

the Burliam district, Kent.
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Gr.uiis ACROGNATHUS, Agassiz.

Acrognathus, L. Agassiz, Poiss. Foss., vol. v, pt. ii, 1844, p. 108.

Generic Characters.—Head large, with remarkably large orbits and narrow

interorbital region ; mandibular suspensorium nearly vertical ; maxilla expanded

behind ; mandible delicate and dentary pointed at symphysis ; teeth minute and

clustered. Vertebras between 30 and 40 in number. Pectoral fins delicate and

small, inserted above ventral border ; pelvic fins larger and stouter, with 7 or 8

rays; dorsal fin in the anterior half of the back, with 10 to 12 rays, none exces-

sively elongated ; anal fin small and remote ; caudal fin forked. Scales large, thick,

and uniform, not serrated on the hinder border, not deepened or thickened along

the course of the lateral line, which is conspicuous.

Type Species.—Acrognathus hoops, from the English Chalk.

Bemarks.—The type species of this genus being still very imperfectly known,

some characters mentioned in the foregoing diagnosis are derived from observations

on a supposed allied species, Acrognathus libanicus. from the Upper Cretaceous

of Mount Lebanon (Catal. Foss. Fishes B. M., pt. iv, 1901, p. 244).

1. Acrognathus boops, Agassiz. Plate X, fig. 3.

1844. Acrognathus hoops, L. Agassiz, Poiss. Foss., vol. v, pt. ii, p. 108, pi. Ix a, figs. 1— 4.

1888. Acrognathus hoops, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 323.

1901. Acrognathus hoops, A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, p. 243.

Ti/p)e.—Imperfect distorted fish, probably from one of the Turonian zones of the

Chalk ; British Museum.

Specific Characters.—The type species, attaining a length of about 12 cm.

Length of head with opercular apparatus exceeding maximum depth, probably

equalling about half length of trunk from pectoral arch to base of caudal fin.

Dentary and angular bones of mandible marked with sharp radiating grooves.

Scales quite smooth.

Description of Specimen.—Apart from an unimportant fragment, also in the

British Museum, the type specimen is still the only known example of this species.

It is an imperfectly preserved fish shortened by oblique distortion, its upper border

being thrust forwards and a little downwards. It is shown of the natural size from

the upper and right lateral aspects in PI. X, figs. 3, 3 a. The fish must have been

originally round-bodied and rather elongated ; while the size of the orbit is probably
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The most striking features of the cranium are the shortness of the otic region

and the narrowness of the interorbital region, due to the enormous size of the eye.

The articular end of the quadrate is seen on the right side of the fossil (fig. 3 a, qu.)y

and the mandibular suspensorium is proved to have been nearly vertical. The

maxilla {nix.) is clearly expanded behind. Each mandibular ramus is a thin

lamina, contracting to a point at the symphysis, as well represented in Agassiz's

fig. 4, loc. cit. The dentary is conspicuously ornamented with fine grooves radiat-

ing from the symphysis, and its oral border bears clustered minute teeth. The

angular is similarly ornamented. The opercular apparatus seems to have been

rather narrow and nearly smooth ; and on the left side of the fossil there are traces

of very long and slender branchiostegal rays.

The base of the left pectoral fin is preserved (fig. 3, 7>c^.), comprising 12 delicate

rays, inserted distinctly above the ventral border. Traces of the much stouter

rays of the pelvic fins are also seen (fig. 3 a, plv.), situated far forwards. The

anteriorly placed dorsal fin (r/.) is represented only by the bases of 11 rays, most of

them rather stout, exposed in cross-section. The remote and small anal fin (a.) is

still more fragmentary.

The scales in the type specimen are displaced and crushed over each other, so

that their exposed area is not so extensive as it must have been originally. They

are large and moderately thick, and apparently quite smooth. When their hinder

border is well preserved, it appears to form a gentle curve without any serrations.

There is a small triangular eminence on each scale traversed by the lateral line.

Horizon and Localities.—Probably from a Turonian zone : neighbourhood of

Lewes. Undetermined horizon at Shalford, near Guildford.

Familij Enchodontld/e.

A family of Cretaceous fishes closely related to the existing Scopelida3, Odonto-

stomid?e (Text-fig. 8), and Alepisauridge, but distinguished from all of these by

having the margin of the upper jaw formed partly by the maxilla. The teeth are

firmly fused with the supporting bone, not implanted in sockets.

Genus APATEODUS, A. S. Woodward.

Apateodus, A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, 1901, p. 258.

Generic Characters.— Head elongate and acutely pointed, and the flattened

cranial roof destitute of ornamentation. Premaxilla and maxilla extremely delicate,

the former being a vertical lamina with a uniform series of very small teeth :
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palatine thickened but antero-posteriorly elongated and pointed in front, with two

much-enlarged, well-spaced teeth, which are laterally compressed ; ectopterjgoid

less stout, with a close series of smaller but similar laterally compressed teeth

;

mandible constricted at the symphysis and without external ornament, the dentary

bearing a single series of laterally compressed teeth, of which those in the middle

are the largest.

Type Species.—Apateodus ghjphodus (A. S. Woodward, torn, cit., p. 258, pi. xiii,

figs. 3— 5), from the English Grault.

Remarks.—This genus is known only by the head, of which the upper jaw was

wrongly interpreted in the original diagnosis of 1901. The relatively small pre-

maxilla and maxilla were at that time overlooked, while the palato-pterygoid arcade

was described as the premaxilla. The true premaxilla, bearing a regular series of

Fig. 8. Odontostomus hyalinus, Cocco ; reduced from nat. size.—A representative of the Odontostomidae
existing in Mediterranean. After Giinther.

very small teeth, is best displayed in a fine skull from the Danian of Maastricht in

the Brussels Museum (L. Dollo).

1. Apateodus striatus, A. S. Woodward. Plate XI, figs. 1—7 ; Text-figure 9.

(?) 1837-44. Saurocephalus striatus, L. Agassiz, Poiss. Foss., vol. v, pt. i, p. 102, pi. xxvc,

figs. 17—20.

1850. Saurocephalus striatus, F. Dixon, Geol. Sussex, p. 375, pi. xxxv, fig. 5.

1901. Apateodus striatus, A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, p. 260, pi. xiii, fig. 6,

pi. xiv.

Type.—Small head from a Turonian zone ; British Museum.

Specific Characters.—A species known only by the head, with mandible probably

attaining a length of about 15 cm. The anterior enlarged palatine tooth about

two thirds as long as the posterior tooth, and the length of the latter equalling the

interspace between the two teeth, also about half the length of the part of the

palatine in front of its insertion. Maximum depth of mandible equalling about one

fifth of its length ; dentition occupying half its length, with two relatively large

teeth of about equal size in the middle of the series, with small broad teeth behind,
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and still smaller recurved teeth in front. Large teeth much laterally compressed,

and marked with very fine vertical striations in the basal portion.

Description of Specimens.—The small fragment of jaw in the Mantell Collection,

described by Agassiz under the name of Saurocephalus striatus, is probably part of

the ectopterygoid of this species, but is insufficient for exact determination. A
small head in the Capron Collection (PL XI, figs. 1, la, Ih) was therefore chosen

for the type specimen when the species was first defined.

The long and narrow, acutely pointed cranium is shown in the type specimen,

and more imperfectly in a smaller specimen described in the British Museum

Catalogue (pt. iv, p. 262, pi, xiv, fig. 2). It is remarkable for the lack of a tuber-

cular ornament on the radiating ridges of the frontal and parietal bones. The

Fig. 9. Apateodus striatus, A. S. Woodward ; diagram of jaws, left sido, outer aspect.—English Chalk.

d., dentary ; ecpt., ectopterygoid ; mx., fragment of maxilla (remainder unsatisfactorily

known)
;
pi., palatine ;

pmx., premaxilla.

supraoccipital (PI. XI, fig. 1 h, socc.) enters extensively into the cranial roof, though

the overlapping frontals may perhaps be partly removed in the type specimen.

The parietal (pa.) is a small triangular bone completing the postero-lateral angle of

the flattened part of the cranial roof between the projecting otic regions. The

very large frontals (/r.) extend on each side into a considerable supraorbital flange,

and the few ridges on each of these bones radiate from a point just above and

within the middle of the flange. The frontal region in the type specimen is broken

across at the anterior border of the orbit, and the attenuated rostral region has not

been satisfactorily observed. The mesethmoid, however, must have been very

little exposed. The sclerotic (fig. 2, scl.) is well ossified.

The mandibular suspensorium is vertical, so that the quadrate articulation is
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observed beneath tlie occiput. The quadrate in the type specimen (fig. 1, qu.) is

clearly excavated for the reception of a symplectic (s//.). The stout upper tooth-

bearing bone is proved to be the palato-pterygoid arcade by the original of fig. 2,

where its hinder end is distinctly continuous with the metapterygoid region ; and

part of the latter is again shown in the fragment represented in fig. 6. This fossil

comprises the hinder end of a slender ectopterygoid {ecpt.) with characteristic

teeth, a fragment of the hyomandibular (lim.), and part of the laminar metaptery-

goid (mpt.), which is nearly completely preserved in a smaller specimen (fig. 7).

Part of a larger ectopterygoid, with some teeth, is also shown in fig. 5. All these

teeth are lanceolate and much laterally compressed, with two sharp, smooth edges,

and the outer and inner face ornamented by very delicate vertical striations, which

are most conspicuous at the base. The ectopterygoid appears to have extended

about half the length of the jaw, overlapping the palatine at the deepest part of

the arcade, where it is slightly bent ; though the suture has only been imperfectly

observed in one specimen (fig, 3). The palatine is relatively very stout and nearly

quadrangular in transverse section, gradually tapering to a point as it slopes down-

wards in front. Its flattened inner face (fig. 3, j;Z.) is apposed for a long extent to

the slender rostrum; and its hinder end is distinctly shown to be hollow. Its

flattened oral face has a sharp outer margin, which deepens behind into a thin

bounding wall. It bears two large teeth, of which only the bases, fused with the

bone, are indicated in fig. 3, but of which the complete crowns are represented in

fig. 4. These teeth are finely striated at the base, but their laterally compressed

crowns, each with two sharp edges, are almost or quite smooth. Their relative

proportions are noted in the specific diagnosis. Between them there are some-

times traces of two or three very small teeth on the outer edge of the bone. The

premaxilla and maxilla are relatively very small and delicate, and scarcely known.

There are traces of them on the left side of the type specimen (fig. 1 a), where the

premaxilla (j^mx.) seems to have been an elongate-triangular lamina of bone, while

the underlapped anterior end of the maxilla (mx.) is rod-shaped. The rod-shaped

bone represented by fragments outside and below the palato-pterygoid in the

original of fig. 3, 7nx., may also perhaps be the maxilla. No teeth are seen on any

of these remains. An imperfect mandible in the Willett Collection (no. 88),

Brighton Museum, has already been figured by Dixon, oj). cit. The mandible is

much fractured on both sides of the type specimen, and its hinder part is lacking

in the original of fig. 2. Its principal characters, however, are shown by these

fossils. It is gently curved upwards at either end ; its lower portion bends con-

siderably inwards ; its hinder end is deepest and sharply truncated just in front of

the small articular prominence ; while its symphysial end is bluntly pointed. Its

outer face is nearly smooth, only marked by a few longitudinal grooves. The

dentary (d.) extends backwards almost to the end of the jaw, covering the articulo-

angular {'ig.) so that very little of the latter element is exposed in outer vie^v
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(except when the dentary is partly broken away, as in fig. 1). There is only a

single row of teeth confined to the anterior half of the dentary, where they are

fused with the outer margin. The foremost teeth are very small and recurved, in

close series, gradually increasing a little in size behind ; then follows a somewhat

larger tooth, not recurved but much laterally compressed and ornamented with

delicate vertical striations ; next are the two largest teeth, similar in character to

the last and biting between the two large teeth of the palatine. Behind these,

again, are six or seven well-spaced small lanceolate teeth, rather irregular in size,

with the hindermost tooth the largest. A complete restored sketch of the palato-

pterygoid and mandibular dentition is given in Text-fig. 9 p. 39.

The cheek must have been completely covered with thin plates, which are quite

smooth and only marked by the passage of the slime-canal (B. M. nos. P. 4512, P.

9015). The anterior margin of the preoperculum (imperfectly seen in fig. 1) is

thickened and rounded, while the operculum seems to have been smooth.

Some of the vertebral centra are strengthened with lateral longitudinal ridges

(B. M. no. 490G7), and the foremost centrum is very short and deep (B. M.

no. P. 5647).

Horizon and Localitifs.—Zones of Ilolastcr suhglohusus to Terehratidina gracilis :

neighbourhood of Lewes, Sussex ; neighbourhood of Burham, Kent. Zone of

Holaster suhglohosus : Merstham, Surrey ; Cherry Hinton, Cambridgeshire.

Probably zone of Terehratulina gracilis : Cuxton, Kent.

2. Apateodus lanceolatus, A. S. Woodward. Plate XI, fig. 8.

1901. Apateodus lanceolatus, A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, p. 264, pi. xiii, fig. 7.

Tijpe.—Palatine bone from zone of Holaster suhglohosus ; British Museum.

Specific Characters.—Palatine bone comparatively short, with the two enlarged

teeth inclined slightly forwards, about equal in size, or the anterior slightly the

larger, and the interspace between them much less than their height.

Description of Specimeus.—Various fragments of jaws of Apateodus are known

from the Grey Chalk, but the oidy fossil capable of specific determination hitherto

observed is the specimen shown of the natural size, outer aspect, in PI. XI, fig. 8.

This is a right palatine bone, lacking the anterior pointed end and crossed by an

oblique fracture Ijehind. It is shorter than in the other known species, and the

enlarged teeth are of peculiar proportions, as noted in the specific diagnosis. The

anterior end of the ectopterygoid {ecpt.) clearly overlaps the palatine behind, and

the two posterior teeth preserved in the fossil are probably borne by this element.

All the teeth exhibit the characteristic striation at the base.

Horizon and Locality.—Zone of Holaster suhglohosus : Dover.

G
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Genus PRIONOLEPIS, Egerton.

Prionolepis, Egerton, in F. Dixou, G-eol. Sussex, 1850, p. 368.

Aspidopleurus, Pictet and Humbert, Nouv. Eech. Poiss. Foss. Mt. Liban, 1866, p. 107.

Apateopholis, A. S. Woodward, Proc. Zool. Soc, 1890 (1891), p. 634.

Generic Characters.—}lead and trunk elongate, much laterally compressed.

Head acutely pointed, and the cranial roof exhibiting a median longitudinal depres-

sion, its lateral and occipital margins ornamented with ridges and tubercles of

ganoine. The conical teeth irregular in size, largest in the anterior part of the

mandible, small and obtuse behind. Operculum strengthened on the inner side by

a ridge extending horizontally backwards from the point of suspension
;
preoper-

culum narrow and deep, its lower end bearing a slender, posteriorly directed spine.

Vertebrge about 45 in number, the centra at least as long as deep and constricted

mesially. Paired fins large, the pectorals not much larger than the pelvic pair,

which are opposed to the hinder part of the dorsal fin ; dorsal fin nearly median,

comprising from 16 to 20 rays; anal fin with slightly fewer raj's than the dorsal,

and much smaller ; caudal fin forked, with curved fulcral rays and stout, articulated,

undivided rays at its base both above and below. Dermal scutes in one deepened

series on the flank, each scute overlapping its fellow and traversed above by the

course of the lateral line.

Type S'pecies.—Prionolepis angustiis, from the English Chalk.

Remarks.—This genus is represented by nearly complete fishes from the LTpper

Cretaceous of Mount Lebanon originally made known under the names of Asjtido-

p)lenrus and Apateopholis. Technical descriptions of them are published in the

Catal. Foss. Fishes B. M., pt. iv, 1901, pp. 229—233.

Prionolepis angustus, Egerton. Plate IX, figs. 4—9.

1850. Prionolepis angustvs, Egerton, in Dixon, Gcol. Sussex, p. 3C8, pi. xxxii*, fig. 3.

1888. Prionolepis angvsfus, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 306.

1901. Prionolepis angustus, A. S. Woodward, Catal. Foss. Fishes B. M
,
pt. iv, p. 230.

Tijijc.—Dermal scutes from zone of Holasfc.r sidxjlohosvs ; British Museum.

Specific Characters.—Known only by the scutes of the flank. The largest

scutes about seven times as deep as broad, and the forwardly directed portion

above the lateral line comparatively short ; the hinder margin very regularly,

closely, and deeply i)ectinated ; the anterior portion eitlicr smooth or marked
with very feeble vertical rug«, except above the lateral line, where these rugae are

conspicuous.
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Description of Specimens.—The type specimen in the Dixon Collection com-

prises an imperfect mass of scntes, of which those best preserved are still arranged

in regular series and exposed fi*om the inner aspect. The latter are shown upside

down in Dixon's original figure ; and one of the associated fragments displaying

the outer face is similarly inverted. The only other specimens hitherto discovered

are scattered scutes.

All these scutes are very deep and narrow, and crossed near their upper end by

the canal of the lateral line. When complete each scute is six or seven times as

deep as broad ; and it exhibits a slight sigmoidal curvature, the sharpest bend

being forwards above the lateral line. Each end co-ntracts to a blunt point, the

posterior border converging to the anterior border at the upper extremity (PL IX,

figs. 5, G, 9), while the reverse convergence occurs at the lower extremity (Dixon's

figure and PL IX, figs. 7, 8). The anterior border of the scute is bevelled to a very

slight extent for the overlapping of the preceding scute; and there is a little

vertical ridge on the smooth inner face marking the hinder limit of the overlapping

facette at least in the lower part of the scute (fig. 4, v.). A broad band at the

hinder margin of the outer face is covered with a regular series of strong and

parallel pectinations, which are inclined somewhat obliquely downwards and back-

wards- and end in sharp points. The piercing canal of the lateral line (figs. 5, 6,

9, /.) forms a prominent smooth ridge, which is rounded and widest in front but

tapers to an acute spine behind. Below this ridge the anterior half of the outer

face of the scute is almost or quite smooth, with not more than feeble traces of

vertically disposed rugae. Above the lateral line the outer face behind the pectina-

tions is marked with one or more sharp vertical ridges.

Horizons and Localities.—Zone of Ilolaster siiljglobosus : Burwell and Cherry

Hinton, Cambridgeshire; Dover; Clayton, Sussex; Calne, Wiltshire. Zone of

Holaster planus : Swaffham, Norfolk.

Fragments of scutes of Prionolepis, much like those of the type species but

completely covered Avith a conspicuous rugose ornament, are also knoAvn from the

Chalk of Dorking, Surrey (Capron Collection, B. M. no. 49776).

.Gen as CIMOLICHTHYS, Leidy.

Cimolichthys, J. Leidy, Trans. Amer. Phil. Soc, vol. xi, 1857, p. 95.

(?) Plinthojjhorns, A. Giiuther, G-eol. Mag., vol. i, 1864, p. 115.

Empo, E. D. Cope, Proc. Amer. Phil. Soc, vol. xii, 1872, p. 347.

Generic Characters.—Head elongate and acutely pointed; trunk elongate-

fusiform. Cranial roof exhibiting a deep median longitudinal depression, its

lateral and occipital margins ornamented, like some of the other external bones,
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with ridges and tubercles of ganoine. Premaxilla in the form of a vertical lamina,

which is either toothless or with a series of minute teeth ; maxilla long and styli-

form, similarly either toothless or with minute teeth where it enters the oral

margin ; ectopterygoid bearing a single spaced series of acute, laterally compressed

teeth, which are largest in front and sometimes exhibit a single posterior barb

towards their apex ;
palatine with a double longitudinal series of teeth, the largest

behind ; dentary thin, but so bent that it has a wide horizontal extent, with a close

series of minute teeth on its extreme outer margin, another close series of larger

teeth within this, and a third inner series of relatively large recurved teeth, well

spaced, sometimes barbed at. the apex. Operculum strengthened on the inner side

by a ridge extending horizontally backwards from the point of suspension. Verte-

brge from 50 to 60 in number, about half being caudal ; the centra at least as long

as deep, much constricted, and marked with fine irregular longitudinal ridges. A
series of large dermal scutes along the dorsal ridge between the occiput and the

dorsal fin ; smaller scutes along the course of the lateral line.

Type Species.—GimoJiclitlnjs leiresiensis, fi'om the English Chalk.

Bemarhs.—The barbed teeth of this genus (PI. XII, figs. 3, 4) were originally

referred by Agassiz, in error, to the Cretaceous Saurodon leanus, Hays, which is

quite a distinct fish found in the Greensand of New Jersey, U.S.A. They have subse-

quently received other names, and have even been compared with the barbed teeth

of the Scombroid Aiienchehvi or Lepidopus. The arrangement of the scutes on the

trunk is not completely determined ; but an American fossil provisionally ascribed

to the so-called Empo, exhibits three longitudinal series of rhombic scutes on the

flank of the abdominal region. Their " apices are directed forwards, and the sur-

face has a reticulate sculpture. In another species they appear to be smooth

"

[Cope). It is thus very probable that the trunk named Plinthopltorus really belongs

to CimoUchthys Jeiuesieiisis.

1. Cimolichthys lewesiensis, Leidy. Plate IX, figs. 10—14; Plate XII; Text-

figure 10.

1835-44. Saurodon leanus, L. Agassiz, Poiss. Toss., Feuill. p. 55, and vol. v, pt. i, p. 102, pi. xxv c,

figs. 30, 31 (errore).

1850. Saurodon leanus, F. Dixon, Geol. Sussex, p. 373, pi. xxx, figs. 28, 29; pi. xxxii*, fig. 10 (errore).

1857. Cimolichthys levesieneis, J. Leidy, Trans. Amer. Phil. Soc, vol. xi, p. 95.

(?) 1864. Plinthoj)horus rohustus, A. Giinther, Geol. Mag., vol. i, p. 115, pi. vi.

1878. Cimolichthys levesiensis, E. T. Newton, Quart. Journ. Geol. Soc, vol. xxxiv, p. 795.

1888. Cimolichthys levesiensis, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 316.

1901. Cimolichthys lewesiensis, A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, p. 221.

Tyjye.—Imperfect ectopterygoid with teeth, from one of the Turonian zones

;

British Museum.
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Specific Characters.—Maximum width of cranium slightly exceeding one thii-d

of its length, and premaxilla ornamented with radiating tuberculated ridges ; length

of mandible about five times as great as its maximum depth. Four ectopterygoid

teeth, of which the two foremost are moderately slender and slightly barbed ; inner

and outer palatine teeth nearly equal in size, with about 10 sockets in front of the

enlarged postero-internal tooth ; some of the palatine teeth slightly barbed ; six

recurved teeth, scarcely barbed, in the inner mandibular series, the third and

largest situated within the anterior half of the dentary.

Description of Specimens.—The type specimen in the Mantell Collection is the

greater part of the left ectopterygoid exposed from within and displaying two of

the barbed teeth, as shown in the original figure by Agassiz. Another specimen in

y-^'^m̂ a.A. /Jh.a.yt.^

FiQ. 10. Cimolichthys lewesiensis, Leidy ; diagram of jaws ; the premaxilla (pmx.), maxilla (ma;.), and
dentary (d.) of left side, outer aspect; the palatine (pi.) and ectopterygoid (ecpt.) of right side,

inner aspect.—English Chalk.

the Willett Collection, Brighton Museum, also shows the characteristic ectoptery-

goid in association with the mandible and other remains, and is figured by Dixon,

op. cit., pi. xxxii*, fig. 10. All the other most important known specimens are

contained in the various collections now brought together in the British Museum.

The general proportions of the skull are shown by the two specimens repre-

sented from the upper and lateral aspects in PL XII, figs. 1, 1 a, 2. The occipital

face is sharply bent in the middle, so that it is observed to be excavated by a re-

entering angle when viewed from above ; but it does not project backwards beyond

the exposed cranial roof. The small supraoccipital bears a large posterior crest

(socc), which does not rise above the plane of the flattened cranial roof; and its
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anterior portion just enters the roof, separating the two parietals (jxi.), which form

a remarkably narrow border, and are traversed by a large transverse slime-canal

(seen in B. M. no. P. 5491). The frontals (/r.) form nearly the whole of the

cranial roof, expanding to their widest point above the back of the eye and

gradually tapering forwards. Their middle portion is smooth and depressed into a

shallow fossa ; while their lateral half is strongly ornamented Ijy finely tuberculated,

radiating ridges, as shown in fig. 1. The long and narrow otic region does not

project outwards beyond the widest part of the frontals. A pair of much-elongated,

smooth nasal bones (na.) are indicated by remains on the pointed rostrum.

The eye is only of moderate size, and the sclerotic is ossified (fig. I (t, scL). A
narrow ring of circumorbital plates borders the orbit at least behind and below

(B. M. no. P. 1810 a), each plate being traversed by the large slime-canal and

ornamented with fine tuberculations which are arranged in radiating lines. The

greater part of the cheek must have been naked.

The mandibular suspensorium is vertical, so that the quadrate articulation is

beneath the occipital border. The hyomandibular (PL XII, fig. 2, Iim.) is much

expanded at its upper end to articulate with the antero-posteriorly elongated

pterotic region ; and it seems to taper below wdiere it must have met the sym-

plectic. It bears a large laminar vertical crest on the upper part of its outer face,

which is crushed backwards upon the preoperculum in the fossils (cr.). The meta-

pterygoid (ntjif.) is rather large and thin, almost triangular in shape, and

strengthened by a slight ridge which extends upwards and forwards from its

postero-inferior angle. The fan-shaped quadrate {'/n.) is much longer than deep,

and also rather thin. The ectopterygoid (PI. IX, fig. 10) is a stout elongated bone,

thickened for the support of a powerful dentition. It bears a single series of four

well-spaced teeth, which decrease in size backwards. Each tooth is hollow and

has a large tumid base, firmly fused with the bone ; while the crown is slightly

curved backwards and laterally compressed, with its anterior edge and at least

part of its posterior edge quite sharp, and the faces ornamented by fine longi-

tudinal striations. Each successional tooth arises in a shallow socket immediately

in front of or behind the tooth about to be replaced ; so that the actual position of

the teeth differs in different specimens, while a nearly replaced tooth and its

successor are often seen side by side. The two foremost ectopterygoid teeth

exhibit one posterior barlj, and their sharp edge, which does not extend below the

barb behind, is very delicately crenulated. The two hinder teeth are comparatively

small and very short and stout, without any barb. In the specimen figured, PL IX,

fig. 10, the hindermost tooth is accompanied by its adjoining successor. The same

fossil shows the anterior limit of the ectopterygoid, where its thickened end is

suturally united with the equally stout palatine (pi.). Other specimens indicate

that its upper margin is thin where it meets the laminar entopterygoid, which bears

a cluster of minute teeth on its oral face (B. M. no. P. 5491). The palatine is a
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depressed bar of bone, about as long as the ectopterygoid but wider than the latter

and tapering in front, as well observed from above (PL IX, fig. 12 a). It bears

two longitudinal rows of teeth, which resemble those of the ectopterygoid in form

and mode of succession. The largest tooth is the hindermost member of the inner

series, which is imperfect and accompanied by part of its successor in the original

of PI. IX, fig. 10. This tooth is shown by other specimens to have been slightly

barbed behind (PI. IX, fig. 12, j\). In advance of it there are about ten shallow

tooth-sockets in close series, each ovoid in shape with the longer axis obliquely

directed (PI. IX, fig. 11). The teeth occupying these sockets are scarcely known,

but there would probably be four or five simultaneously in function. Two of them

near the anterior end of the bone in B. M. no. P. 5491 are slightly barbed posteriorly

close to the apex. The teeth of the outer palatine series are also imperfectly

known; but the incomplete specimen represented from the oral aspect in PI. IX,

fig. 11, shows that they must have been about as numerous as those of the inner

series and all inclined a little outwards, without any enlarged hindermost tooth.

The premaxilla (PL XII, figs. 1 a, 2, pmx.) is an antero-posteriorly elongated thin

lamina of bone, tapering at both ends. Its total length is more than four times as

great as its maximum depth ; and its outer face, when well preserved (PL XII,

fig. 1 a, pmx.), is ornamented by rows of tubercles and discontinuous ridges, which

radiate from a point near the upper border at the deepest part of the bone. Both

the specimens figured are somewhat flaked and imperfect, and do not display the

oral margin. When this is preserved, it is seen to bear a single regular series of

very small, slender, conical teeth (B. M. no. P. 1810 a). The maxilla (PL XII,

figs. \ <i, 2, riu\) is a long and rather stout bar of bone, without any external orna-

ment l)ut displaying its fibrous texture. The premaxilla extends beneath its

anterior third, but the hinder two thirds seem to enter the gape of the mouth.

There are no traces of teeth in the known specimens. The hinder end of the bone

is overlapped by a very small supramaxilla (PL XII, fig. 1 a, srii,v.), which is

antero-posteriorly elongated and ornamented with longitudinal tuberculated ridges.

The mandible is imperfectly represented in PL XII, fig. 1 a, where its length is

shown to be about five times as great as its maximum depth. It tapers very

rapidly to the constricted symphysis. The outer face of the dentary {(J.) is marked

only by a few delicate smooth ridges, which radiate from the symphysis and are

confined to a narrow band on the oral border and to the lower part of the bone.

The articulo-angular element (of/.) is antero-posteriorly elongated, and marked on

its outer face by a few smooth longitudinal ridges which extend forwards from a

point just beneath the mandibular articulation. The oral border of the dentai-y

bears three series of teeth, all of which are hollow, conical, and recurved, and

firmly fixed at the base in a very shallow socket. The extreme outer margin \&

furnished with a single close series of quite minute teeth, of which only the sockets

remain in the original of PL IX, fig. 14, but of which a few crowns are seen in
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fig. 13, III. Immediately within this series there is another close row of somewhat

larger teeth, partly shown in both of the figures cited (ii). Further inwards there

occurs a widely spaced series of six large teeth (i), of which the foremost at the

symphysis is broken away in both of the specimens figured. These large teeth are

smoother than those of the palato-pterygoid arcade, and only compressed to a sharp

edge quite at the apex, where the barb is scarcely if at all observable. Their mode

of replacement is the same as that already described, and the fourth tooth in the

original of fig. 13 is accompanied by its successor. The third tooth from the

symphysis is usually the largest member of the series. The general aspect of

the jaws is diagrammatically represented in Text-fig. 10, p. 45. The ceratohyal

(PL XII, fig. 2 a) is much elongated and laterally compressed.

The opercular apparatus (PI. XII, fig. 1 o) is scarcely known. The preoper-

culum (poj).) is deep and narrow, almost without a lower limb, but slightly

pectinated at the lower border. The operculum (oj).) is thin and ornamented, at

least in its anterior portion, with sparse rows of small tubercles.

The post-temporal (PI. XII, fig. 1, ptt.) is an elongate-triangular lamina of

bone, with its anterior apex impinging on the supraoccipital. On its outer face

some short, fine, tuberculated ridges radiate from its truncated postero-external

angle.

Trunk named Plintho2)horus rohustns.—The trunk of Cimolichthijs lorcsiensis has

not hitherto been found in association with the head ; l)ut the specimen shown of

one half the natural size in PI. XII, fig. 5, is probably referable to this species. It

has already been described by Dr. Giinther, loc. cit., 1864, under the name of

Plinthojjlioriis rohustns. The fossil is a little distorted in front and below, but the

trunk is shown to have been elongate-fusiform, with the abdominal region longer

than the caudal region. A few of the anterior vertebrse are lacking, but the total

number in the column must have been originally about 60. The vertebral centra

are slightly longer than deep, each much constricted in the middle and strengthened

by a few longitudinal ridges. The ribs are slender and not much arched, evidently

not reaching the ventral border. The neural spines in the abdominal region

are also slender ; but those in the caudal region, like the opposite haemals, seem to

be somewhat stouter, rather short and curved backwards, until they reach the

caudal fin, where they are quite recumbent and thickened. The pectoral fins {pet.)

are long and narrow, comprising 12 rays, of which the unjointed bases are

preserved. The pelvic fins {plv.), which are still more imperfect in the fossil, seem

to have been nearly as large as the pectorals, with 10 or 11 rays. They have a

broad base supported by a pair of much-expanded, laminar pelvic bones. The

dorsal fin {do.) is completely within the anterior half of the trunk, terminating be-

hind opposite the insertion of the pelvic pair. It comprises at least 14, perhaps 16

rays, of which the foremost are much the longest and stoutest. The anal fin is

remote, and must have been much smaller than the dorsal, but it is only represented
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by fragments (a.). The caudal fin ('•.) seems to liave been forked, but only the

l)ases of its stout rays remain. There are no traces of scales, but the Ijody is shown

to have borne longitudinal series of honj scutes. In front of the dorsal fin, there

is a chain of four or five large ovoid or rhomboidal scutes exposed from the inner

aspect. These (i) are very slightly saddle-shaped, and only overlap to quite a

small degree. Where their substance is broken away, the impression of an external

ornament of radiating, tuberculated ridges is observable. They have, indeed^ the

appearance of median dorsal ridge-scutes, like those occurring in the American

species of GimoUchthys (see ' Catal. Foss. Fishes B. M.,' pt. iv, 1901, p. 224, fig. 8).

Immediately below the dorsal fin there are the partially displaced remains of a

series of small scutes, more distinctly rhomboidal in shape, exposed from the outer

aspect (ii). Remains of other scutes of this series are also seen scattered at various

points behind the dorsal fin. The exposed portion of each of these scutes is longer

than deep, with a sharp median longitudinal ridge, from which finer ridges and rows

of tul^ercles radiate to the periphery. The series may have been disposed along the

course of the lateral line, but none of the scutes display any distinct traces of the

slime-canal. Another paired series of scutes (iii) is well seen at the distorted

ventral liorder of the trunk between the paired fins, with traces of its continuation

further backwards. These scutes are exposed from the outer face on the right, but

from the inner face on the left side of the fish ; and they are very similar to those

of series no. ii just described. All of them are imperfect, but one marked x

in PI. XII, fig. 5, is more satisfactorily preserved than the majority, and is repre-

sented of twice the natural size in fig. 5 a. The anterior, smooth, overlapped

portion is narrow and extended ; and some of the radiating ridges on the exposed,

portion are more prominent than the others. The scute at the base of the pelvic

fin is much enlarged, with the hinder margin notched to adapt it to its situation.

Horizons and Localities.—Zones of Holaster suhglohosus to Terehratulina

gracilis : neighbourhood of Lewes, Sussex ; Burham, Kent. Zone of Holaster

snhglohosus : Hailing, Folkestone, and Dover, Kent ; Glynde, Sussex. Zone of

Terehratulima gracilis : Warlingham, Surrey. Zone of Micraster corangninuvi :

South Croydon, Surrey ; Thanet, Kent. Also teeth in higher zones prol)al)ly of

this species.

Genus HALEC, Agassiz.

Halec, L. Aj^assiz, Verhaudl. Ges. vaterl. Mus. Bohnicu, 1834, p. 67.

Pomo(piathvs, F. Dixon, Geol. Sussex, 1850, p. 367.

ArcliKogadus, W. von der Marck, Pal«ontogr., vol. xv, 1868, p. 291.

Phylactocejihalus, J. W. Davis, Trans. Eoy. Diil)lin Soc. [2], vol. iii, 1887, p. 605.
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Generic Characters. — Trunk rather deeply fusiform, hoth this aud the head

laterally compressed. Cranial roof exhibiting a median longitudinal depression, its

lateral and occipital margins ornamented, like the other external bones, with ridges

and tubercles of ganoine. Mandible a little prominent, with several rows of recurved

conical teeth, irregular in size and arrangement
; premaxilla long and slender, with

one or more rows of minute teeth ; maxilla long and slender, underlapped by the

premaxilla for the greater part of its length, but entering the gape behind, where

it bears a spaced series of relatively large conical teeth pointing forwards ; a

conspicuous supramaxilla present ; the comparatively stout palatine and ectoptery-

goid bones bearing a close series of acute, laterally compressed teeth, which are

largest in the middle and diminish towards each extremity; no teeth barbed.

Preoperculum very narrow and deep, with a conspicuous posteriorly directed spine

at its lower end ; operculum strengthened on the inner side by a ridge extending

almost horizontally backwards to its postero-inferior angle ; branchiostegal rays

about 15 in number. Vertebrae from 35 to 45 in number, the centra at least as

long as deep, much constricted mesially and somewhat strengthened with small

longitudinal ridges. Fin-rays robust and all articulated, mostly also subdivided

distally ; no fin-rays excessively elongated. Paired fins large, the pelvic pair not

much smaller than the pectorals ; the short dorsal fin within the anterior half of

the trunk; anal fin relatively small and remote; caudal fin deeply forked.

Enlarged dermal scutes restricted to the end of the tail.

Tyije Species.—Halec sternbergi (L. Agassiz, ' Poiss. Foss.,' vol. v, pt. ii, 1844,

p. 123, pi. Ixiii), from the Turonian of Bohemia.

Remarks.—The fish from the English Chalk commonly known as Pomognathus,

is proved by direct comparison of specimens to be generically identical with Halec,

which was inadequately described by Agassiz from the Bohemian Chalk. It also

agrees in the characters of the head and fins with the so-called riiylactoceplialus,

from the Upper Cretaceous of Mount Lebanon and Dalmatia, which is only

distinguished by its smaller number of vertebrge (35) and by its covering of minute

scales. Tlie latter difference, however, may be more apparent than real, considering

the nature of the matrix in which the English fossils occur. Archgeogadus

guestphalicns, from the Pliinerkalk of Dortmund, certainly belongs to Halec, as

shown by the type specimen in the Academy of Miinster, Westphalia.

L Halec eupterygius (Dixon). Plate XIII ; Text-figure 11.

1837. Osmeroides lewesiensis, L. Agassiz, Poiss. Foss., vol. v, pi. Ix h, figs. 3, 4 (errore).

(?) 1844. Osmeroides granulatus, L. Agassiz, ibid., vol. v, pt. i, p. 14 (uame only).

1850. Pomognathus eupterygius, F. Dixon, Gool. Sussex, p. 367, pi. xxxv, figs. 6, 7.

1888. Pomognathus eupterygivs, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 318.

1901. Halec eupterygius, A. S. Woodward, Calal. Foss. Fishes B. M., pt. iv, p. 213.
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Type.—Imperfect fish from one of the Turonian zones ; Willett Collection,

Brighton Museum.

82)ecific Characters.—The type species of the so-called PoniognatJi/ns, attaining a

length of al)out 40 cm. Length of head with opercular apparatus much exceeding

the maximum depth of the trunk, which is probably contained about four times in

the length from the pectoral arch to the base of the caudal fin. Length of

mandible somewhat exceeding the depth of the head at the occiput ; maxilla with

5 to 7 well-spaced teeth ; operculum considerably deeper than broad ; the infero-

posterior spine of the preoperculum short, stout, and ornamented with tubercles.

The external tubercular ornament very fine, arranged in more or less radiating

lines on the sides of the cranial roof, the supramaxilla, mandible, opercular

apparatus, clavicle, supraclavicle, and part of the post-temporal. The stouter rays

of the paired and dorsal fins also ornamented with longitudinal series of very fine

tubercles. Vertebrae about 45 in numljer.

Description of Specimens.—The type specimen in the Brighton Museum

ecnt-

Fig. 11. Halec eupterygius (Dixon) ; diagram of jaws, left side, outer aspect.—English Chalk.
d., dentary; ccpt., ectopterygoid ; mx., maxilla; pi., palatine; pmx., premaxilla; smx., supra-
maxilla ; t., some inner mandibular teeth.

(Willett Collection, no. 37) is an imperfect and slightly distorted fish, exhibiting

nearly all the essential characters of the genus and species. A considerably

smaller specimen in the British Museum (no. 43388), which is not distorted, affords

additional information concerning the vertebral column and the proportions of the

trunk. The two fossils together justify the specific diagnosis just given.

The characters of the skull are shown by the three specimens represented

in PI. XIII, figs. 2, 3, 4, by the type, and by numerous other more or less frag-

mentary fossils. The maximum width of the craniiun, between the hinder part of

the orbits, equals about half its total length. The ejnotic bones (fig. 3, epo.)

project considerably backwards, so that the middle of the occipital border, Avhen

viewed from above, is observed to be excavated by a sharp re-entering angle. The

small posterior median crest of the supraoccipital (.socr.) extends backwards from
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this angle, but does not rise above the phine of the flattened cranial roof. The

anterior part of the supraoccipital, which is very small (fig. -t, socc), just enters

the exposed cranial roof between the parietal bones, and its outer face is

ornamented with rows of tubercles. The j^arietals (p«.) are also extremely

small, their outer ornamented face occupying only a little triangular area at the

postero-lateral angles of the froiitals, with which they unite in an irregular suture.

The frontals (Jr.) constitute nearly the whole of the exposed cranial roof, rapidly

expanding to their widest point above the back of the eye and gradually tapering

forwards. Their middle portion is smooth, forming the floor of a shallow

depression ; while the lateral portion is delicately ornamented with close rows of

small tubercles, sometimes fused into smooth ridges, which radiate from a point

near the middle of the widest part of each bone. The otic region is long and

narrow, not projecting outwards beyond the postorbital prominence of the

frontal; and it bears one thin longitudinal ridge (,s(/.), which diverges outwards

and backwards from the postorbital part of the frontal region, and is ornamented

with two rows of fine tubercles. This ridge probably consists in part of the

squamosal element. Anteriorly, the frontals overlap the rather short and broad

mesethmoid (fig. 3, etJi.), which appears to be smooth but is imperfectly known

(see also B. M. nos. P. 5414, 32335). The antero-lateral portion of each frontal is

also quite smooth, and is overlapped by a sm?Jl loose bone, which has hitherto been

interpreted as nasal, but seems rather to correspond with the supraorbital bone

of Aulopus (PL X, fig. 2, sph.). This element (obliquely seen in fig. 3, sph.) is

ovoid in shape, nearly three times as long as broad, Avidest in front and tapering

behind. Its outer face is completely covered Avith an ornament of roAVS of

tubercles, Avhich radiate from a point in the middle of the broad anterior end.

The eye nuist have been rather large, and the sclerotic is ossified (fig. 2, scl.).

No cheek-plates have hitherto been observed.

The mandibular suspensorium is vei'tical, so that the quadrate articulation is

beneath the occipital border. The form and proportions of the suspensorium and

palato-pterygoid arcade, shoAvn in fig. 2, closely resemble those of GimolicJdhys.

The ectopterygoid (ecpt.) and palatine
(
pi.) appear to be similarly of about equal

length, but their dentition is quite characteristic and peculiar. This consists of a

single close series of teeth, Avhicli are hollow and conical, somcAvhat laterally

compressed, but apparently Avithout sharp edges and clearly not barbed. The

dental croAvns are smootli, or marked with A^ery fine longitudinal striations ; Avhile

the widest bases are slightly indented in the middle of the outer face. The

hindermost teeth of the ectopterygoid are the smallest members of the series, all

comparatively slender and irregularly curved backAvards or forAvards. They

gradually increase in size in front until the tAvo largest teeth appear to occupy

the hinder end of the palatine element. Finally, the teeth somcAvhat decrease in

size again towards the anterior end of the arcade. The premaxilla (tig. 7; figs.
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1, G, pinx.) 18 extremely .slender, terminating in trout in a small triangular

expansion, which is longer tluui deep. This expaiisicjn is well shown from the

inner side in fig. 7 ; while its outer face is seen in many specimens
{<'.<J.,

B. M.

nos. 49082, P. 1)252) to be ornamented with close rows of tubercles which slightly

radiate from its pointed anterior end. The entire length of the oral margin of the

bone is ornamented with a cluster of much finer tubercles, which seem to pass

almost imperceptibly into the minute teeth. The latter are conical and slender,

and arranged in a single, uniform, close series, with their apices slightly inclined

backwards. The maxilla (figs. 1, 6, mx.) is also very long and slender, and its

narrow exposed edge is ornamented with minute tubercles. A considerable length

of its hinder portion enters the gape of the mouth, and bears a regular, well-spaced

series of five to seven rather large conical teeth, which are slender, straight,

sharply pointed, and inclined forwards. The hinder two fifths of the maxilla are

deeply overlapped by the large supramaxilla {amx.), which is pointed in front and

deepest at its rounded hinder end, where it curves slightly upwards. The maximum
depth of this bone equals less than one third of its length ; and its outer face,

except along a narrow margin at the upper edge, is ornamented with fine tubercles,

which are arranged in rows chiefly radiating from a point near the hinder end.

The length of the mandible is five times as great as its maximum depth ; but its

lower portion curves so nmch inw^ards that, when uncrushed, its true depth is not

seen in dii-ect side-view. The very large dentary bone {d.) tapers to a point at the

symphysis, where its lower or inner edge is apposed to that of its fellow of the

opposite side for some distance (fig. 5 a, s.). Its outer face, crushed completely

into view, though flaked, in the original of fig, 1, bears a very fine tubercular

ornament, which is partly disposed along some structural lines radiating from the

symphysis, and is entirely absent along an elongate-triangular smooth area just

below the hinder half of the tooth-bearing border. The mandibular teeth (fig. 5, d.)

are slender and conical, rounded in section, and with a large central cavity. They

form an irregular narrow cluster along the dentary border, quite small at the

outer edge, but as large as the opposed upper teeth within. The short articulo-

angular bone (figs. 1, 5 a, ag.) is ornamented in its lower portion with I'ows of fine

tubercles which radiate forwards from its articular end ; while its smooth upper

part is a direct continuation of the smooth area of the dentary bone. The general

aspect of the jaws is diagrammatically represented in Text-fig. 11, p. 51.

The preoperculum (figs. 1, 8, l^p.) is deep and narrow, almost without a lower

limb, but produced at its angle into a short and deep, posteriorly directed s])ine, of

which the pointed apex is broken in the original of fig. 1. The exposed face of

the lower end of the bone, with its spine, is ornamented Avith the usual rows of fine

tubercles so characteristic of the fish. The operculum (fig. 8, op.) is nearly

rhombic in shape, with its postero-inferior angle produced into a short broad spine,

which is strengthened by a horizontally directed ridge on the inner face of the
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bone. This element is completely ornamented except along a narrow area

anteriorly and antero-superiorly ; and its rows of tubercles radiate from a point

opposite tbe spine. The suboperculnm (fig. 8, sop.) is comparatively small and

narrow, not curving round the hinder l)order of the operculum. The rows of

tubercles forming its external ornament incline downwards and backwards. The

interoperculum must have been very small. Nine branchiostegal rays are seen

in the original of fig. 1 {br.).

The greater part of the vertebral column is shown in the type specimen in the

Willett Collection, and in a smaller specimen in the British Museum (no. 43388).

The total number of vertebras seems to have been about forty-five, and at least

tAventy-one of these belong to the caudal region. All the centra are longer than

deep and much constricted, with very slight development of a lateral longitudinal

ridge. Sections seem to show that they were pierced by a delicate persistent

strand of notochord (B. M. no. P. 1703 d). The neural spines are very slender,

each fixed to the postero-superior angle of a low neural arch which occupies only

the anterior half of the supporting centrum (fig. 1). The ribs are also slender and

nearly straight, directly articulating with the middle of each centrum. They are

antero-posteriorly compressed, not rounded in section. The neural and haemal

spines in the caudal region are rather short and much inclined backwards.

The pectoral arch is suspended from the cranium by a pair of large laminar post-

temporal elements (the left shown in fig. 9), which impinge on the supraoccipital at

the middle of the occipital border. They are thin and nearly rhomboidal in shape,

about twice as long as broad. The greater part of their outer face is smooth, the

ornament of radiating lines of fine tubercles being restricted to a small elongate-

ovoid area postero-externally. The supraclavicle is deep and narrow, ornamented

at its hinder margin with a few rows of small tubercles, which radiate slightly at

the top, but mainly follow its long axis. The clavicle (fig. 1, cl.) consists mainly of

a lamina of bone extended in a plane at right angles to the axis of the trunk ; but

it also bears a small outer plate in the plane of the flank. In the specimen figured

the bone is incomplete below, and its outer plate is smooth ; but the latter must have

originally borne a tubercular ornament, which is shown in other specimens {e. g.,

B. M. no. P. 3657). The post-clavicle is a small, narrow, smooth lamina, which is

inclined downwards and l)ackwards from beneath the upper part of the clavicle.

The element of both sides is shown in the original of fig. 1 {pel.), and that of the

left side is seen in fig. 8 {pel.). The coracoid bears a long and narrow process

extending forwards to the symphysis of the clavicles (B. M. no. 39073). The

pectoral fin (fig. 1, ptct.) is rather large, long and narrow, consisting of about twelve

to fifteen rays, each of whicli has a long unarticulated base ornamented on its front

edge with very fine tubercles. As shown by the type specimen, the pelvic fins are

nearly as large as the pectorals, each with at least eight rays supported by a nuich-

expaiided pelvic bone. 'J'here are traces of these fins and their supj)orts in the
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original of fig. 1 {plo.), where they are shown to be opposed to the hinder end of

the short dorsal fin {do.). The latter is triangular in shape, with about twelve rays,

of which the length of the foremost and longest is less than the depth of the trunk

at its insertion. Its five anterior rays are especially stout, and ornamented in front

with longitudinal rows of fine tubercles ; but all are articulated distally. Some of

the supports of the anal fin in B. M. no. 43388 indicate that it must have been com-

paratively small and remote ; while remains of the caudal fin both in this and the

type specimen show that it was relatively stout and almost certainly forked.

No traces of scales have hitherto been observed ; but there is a longitudinal

series of four or five overlapping dermal scutes on each side of the caudal pedicle

just in front of the caudal fin. These are seen both in the type specimen and in

B. M. no. 43388, but are too imperfect for description.

Horizons and Localities.—Zones of Holasfer suhglohosits to Terehyatidina

gracilis : neighliourhood of Lewes, Sussex. Zone of Holaster suhglobosus :

Burham, Hailing, and Dover, Kent ; Glynde, Sussex. Zone of Terehratulina

gracilis or Uhipichonella cuvieri : Burham. Zone of Micraster coranguiniim

:

Gravesend, Kent.

Gemis ENCHODUS, Agassiz.

Enchodus, L. Agassiz, Poiss. Foss., Feuill. 1835, p. 55, aud vol. v, pt. i, 1844, p. 64.

Isodus, J. J. Heckel, in Eussegger's Keisen, vol. ii, pt. iii, 1849, p. 342.

Phasganodus, J. Leidy, Proc. Acad. Nat. Sci. Pliilad., 1857, p. 167.

Ischyrocephalus, W. von der Marct, Zeitschr. deutsch. geol. Ges., vol. x, 1858, p. 248.

(?) Tetheodus, E. D. Cope, Bull. U.S. Geol. Surv. Territ., no. 2, 1874, p. 43.

Solenodon, D. G. Kramberger (non Brandt, 1833), Jalirb. k.-k. geol. Eeichsanst., vol. xxxi, 1881,

p. 373.

Holcodon, D. G. Kramberger, Ead Jugoslav. Akad., vol. Ixxii, 1885, p. 18.

Euryguathus, J. W. Davis, Trans. Roy. Dublin Soc. [2], vol. iii, 1887, p. 601.

Generic Characters.—Trunk elongate-fusiform, l}oth this and the head laterally

compressed. Cranial roof exhibiting a deep median longitudinal depression, its

lateral and occipital margins ornamented, like the other external bones, with ridges

and tubercles of ganoine. Mandible a little prominent, provided with an inner

widely-spaced series of large slender teeth, the largest in front, also a marginal

series of minute teeth, all nearly or completely solid
;
premaxilla in the form of a

vertical lamina, deepest in front, tapering behind, and with a single spaced series

of small teeth ; maxilla long and slender, either finely toothed or toothless at the

oral border
;
palatine thickened and tumid, with only one large tooth fixed at its

anterior end ; ectopterygoid robust, with a single spaced series of large slender

teeth, gradually diminishing in size Ijackwards ; no teeth barbed. Preoperculum
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very narroAV and deep ; opercnhim strengthened on tlie inner side l)y a ridge

extending horizontally ])ackwards from the point of suspension ; branchiostegal

rays about 12 to 16 in nnniljer. Vertebrse 40 to 50 in number, about half

being caudal ; the centra at least as long as deep, constricted mesially, and

marked with small irregular longitudinal ridges. All except the foremost rays of

each fin finely divided distally, but none excessively elongated. No postclavicular

plate. Pectoral fins large, pelvic fins much smaller and arising far forwards ;

dorsal and anal fins large, neither much longer than deep, the former arising much

in advance of the middle point of the trunk, the latter also far forwards; a

posterior adipose dorsal fin observed in a few well-preserved specimens; caudal

fin forked, with curved fulcral rays and stout, articulated, undivided rays at its

base both above and below. Rudimentary dermal scutes, not overlapping, in a

single median series between the occiput and the dorsal fin, and along the course

Fig. 12. Eurypholis hoissieri, Pictet; restoration (omiUing' external ornament), about three quarters
nat. size.—Upper Cretaceous ; Hakel, Mt. Lebanon, ag., angiilar; co., circumorbitals ; d., dentary

;

d.s., dorsal scutes ; ma;., maxilla ; op., operculum ; orh., orbit
; pel., postclavicular plate (obscuring

the pectoral arch to wliich the basals of the fin are attached)
; pL, pelvic fin-support; pmx., pre-

maxilla (with large teeth of palatine and ectopterygoid showing within)
;
pop., preoperculum

;

so., suborbitals ; sop., suboperculum ; lateral line traversing row of scutes above vertebral column.
(From ' Catal. Foss. Fishes B. M.,' pt. iv, 1901.)

of the lateral line ; a pair of enlarged hook-shaped dermal scutes at the base of the

tail, one on either side of the caudal pedicle.

Tyjje Siiecies.—Enchodns lewesiensis, from the English Chalk.

Bemarhs.—Complete skeletons of species of this genus are known only from the

Upper Cretaceous of the Lebanon and Westphalia, perhaps also from the

Cretaceous of Comen, Istria. The remains from the English Chalk are compara-

tively fragmentary, but important as exhibiting the osteology of the head. The

general appearance of the fish would closely resemble that of EuryplioUs (Text-

fig. 12), which differs from Enchodus in the relatively large size of its pelvic fins,

the possession of a largo postclavicular plate, and the somewhat greater develop-

ment of its dermal scutes.





PLATE I.

Fig. Page.

1. Beri/copsis eJegaus, Dixon; right lateral aspect of fisli.—Chalk; Sussex.

Dixon Collection (B. M. no. 25881). a., expanded foremost support of

anal fin; a//., articnlo-angular ; oo., antorbital ; co., circumorbital ring";

(h, dentary; ioji., interoperculnm ; )»,*'., maxilla; ;/., free dorsal fin-

supports; op., operculum; j>., remains of pectoral fin; pmx., pre-

maxilla
;
2>op., preoperculum

;
qu., quadrate ; smx. 2, posterior supra-

maxilla ; sore, supraoccipital crest ; soj)., suboperculum. 6.

2. Ditto ; head, right lateral aspect.—Probably from zone of Holasfer

phnms ; Cuxton, Kent. Harford Collection (B. M. no. P. 5G96).

hr., branchiostegal rays ; c, coracoid, with scapula above ; cl., clavicle
;

ecj)!., ectopterygoid
; /., foramen in scapula; hm., hyomandibular

;

mj't., metapterygoid ; pc?., post-clavicle
;
^:>r/., prefrontal (ectethmoid)

;

Siux. 1, anterior supramaxilla ; .s*,, suspension of operculum; other

letters as above. 7.

3. Ditto; part of roof of cranium seen from above.—Chalk; Kent. Egerton

Collection (B. M. no. P. 1951). fr., frontal; socc, supraoccipital crest

;

sph., supraorbital flange of frontal. 6.

4. Ditto ; fragment of trunk showing scales and anterior part of dorsal fin

with spines.—Chalk ; Kent. Mrs. Smith's Collection (B. M. no.

49053). 10.

All the figures of the natural size.
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PLATE II.

Fig. Page.

1. Berycopsis elegnns, Dixon ; upper part of right side of pectoral arch,

outer aspect.—Zone of Holasfer snbgJobosiis; Burham, Kent. Harford

Collection (B. M. no. P. 5(383). r/., clavicle
;

j)ff., post-temporal, with

process (p.) for articulation with pterotic; scL, supraclavicle ; .sf.,

supratemporal. 9.

2. Beri/copms 'major, sp. nov. ; head and part of trunk, right lateral aspect,

and (2r^) head, upper aspect.—Zone of HoJasfn- jihntns (?) ; Cuxton,

Kent. Harford Collection (B. M. no. P. 5686). a., anal fin ; aij.,

articulo-angular ; ao., antorbital ; hr., branchiostegal rays ; cJi., cera-

tohyal ; cL, clavicle; co., circumorbital ring; d., dentary; efJi.,

mesethmoid ; fr., frontal; iop., interoperculum ; //., lateral line; m,i'.,

maxilla, Avanting middle portion ; o^>., operculum
;

jxi., parietal; piv.,

pelvic fin; pmx., premaxilla; pop., preoperculum ; prf., prefrontal;

j)tf., post-temporal; (pi., quadrate; v., ribs; sc, scapula; scL, supra-

clavicle ; ^m,r. 2, supramaxilla ; ^occ, supraoccipital ; sop., suboper-

culum. 11»

Figures of the natural size.
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PLATE III.

Fig. Page.

1. Hojjloj)terj/,e leiresieitsis (Mantell) ; left lateral aspect of fish.— Clialk
;

neig-libourhood of Rocliester, Kent. B. M. no. 35712. ag., articnlo-

angiilar; rro., antorbital ; ?>r., lirancliiostegal rays ; r., caudal fin ; ch.,

ceratohyal; r/., clavicle ; co. , circumorljitals ; ci, dentary ; r/o., dorsal

fin; *'^cj>/., ectopterygoid; hm., liyomandibular ; ////., hypohyal ; iop.,

interoperculmn ; IL, lateral line; mx., maxilla; oj)., operculum; pet.,

pectoral fin
; j;??;., j)elvic fin

;
pnm., premaxilla; ])op., preoperculum

;

pff., post-temporal; qii., quadrate; smx. 1, 2, supramaxilla? ; socc,

supraoccipital crest. 16.

2. Ditto ; cranium, from above, the hinder fossa filled with chalk.—Chalk

;

probably from Burham, Kent. Mrs. Smith's Collection (B. M. no.

49037). eth., mesethmoid
; fr., frontal; r., ridge bounding posterior

fossa; ()., median slime-pit; i, ii, in, lateral slime-pits. 16.

3. Ditto; right premaxilla, inner aspect.—Chalk; Burham. Toulmin Smith

Collection (B. M. no. 41692). 17.

4. Ditto ; anterior part of anal fin, showing four spines.—Chalk
;
probably

Sussex. B. M. no. 79. 20.

All the figures of the natural size.
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PLATE IV.

Fkj. Page.

1. Ho2>lo/)f('ri/,r leiresiensis (Mantell) ; vertel^ral column, left lateral aspect,

nat. size.—Chalk; Leaves. Capron Collection (B. j\I. no. 498(32).

c, hfemal arcli of first caudal vertebra. 19.

2. Hojjlojttrri/,1' sii2)rr]jiis (Dixon) ; ventral aspect of trunk, nat. size.

—

Chalk; probal)lj Sussex. Beckles Collection (B. M. no. P. 9153).

a., anal fin
;

j>Jr., pelvic fins. 21.

3. Ditto ; imperfect fish, left lateral aspect, one half nat. size.—Chalk ; near

Maidstone. B. M. no. 82340. ((., anal fin; c, caudal fin; r/., dorsal

fin ; ()/)., opercidum ;
])Jr., ]ielvic fins. 21.
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^ PLATE V.

Page.

Hoplopteryx superbus (Dixon)
;
photograph of slab of Chalk, probably from

Sussex, one half nat. size, showing group of remains of several

individuals. Beckles Collection (B. M. no. P. 9153). 22.









PLATE VI.

Page.

Hoplopferyx superbus (Dixon) ; head and imperfect trunk, partially distorted,

right lateral aspect, nat. size.—Chalk ; Kent. B. M. no. 33486.

ao., antorbital ; c/., hinder expansion of clavicle; r/., dentary; iop.,

interoperculum ; mx., maxilla ; oj)., operculum
;

j?/r., base of pelvic

fin
;
pmx., premaxilla

;
pop., preoperculum

;
ptt., post-temporal ; sc,

scapula; smx. 1, 2, supramaxillae ; socc, supraoccipital crest; sop.,

subopercuhim ; s])h., supraorbital flange of frontal. 21.
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PLATE VII.

Fig. Page.

1. Hoplo'pteryx leivesiensis (Maiitell) ; inner aspect of left mandibular sns-

pensorium, pterygo-quadrate region, hyoid arcli, and other bones.

—

Zone of TerehratuUna gracilis; Cuxton, Kent. Harford Collection

(B. M. no. P. 5689). ch., ceratoliyal; ecpt., ectopterjgoid ; cjjh.,

epiliyal ; ////, hypoliyal; km., hyomandibiilar ; ih., interliyal (stylo-

liyal) ; mpt., metapterygoid ; oj)., part of operculum; ^j/., palatine;

jj/^., post-temporal ; (/u., quadrate ; sc/., supraclavicle ; n//., symplectic. 18.

2. IIo]}lo^)terijx snperlus (Dixon) ; head with opercular apparatus, right

lateral aspect.

—

Vrobablj zone oi BhyncJioveUa eurieri; Hailing, Kent,

B. M. no. 41104. ao., antorbital ; (/., part of dentary
; fr., frontal;

ioj)., interojjerculum ; ?»,*'., part of maxilla; oj)., operculum; pmx.,

part of premaxilla
;
jwp., preoperculum

;
qu., quadrate; sop., sub-

operculum. 21.

3. 4. Ditto ; two scales, outer aspect, the ornamented exposed area to the

left.—Chalk; Kent. B. M. no. 33486. 22.

5. Ditto ; inner view of overlapping scales, showing tuberculations.—

A

Turonian zone; Southeram, Lewes. Dixon Collection (B. M. no.

25959). 22.

6. Homoiwtus dorsalis, Dixon ; imperfect trunk, left lateral aspect, with scale

{6a) enlarged twice.—Zone of Micraster coranguiimm; Gravesend,

Kent. Bowerbank Collection (B. M. no. 39074). a., anal fin; c,

caudal fin; cl., plate of clavicle; d., dorsal fin; 'plv., pelvic fin. 27.

7. Ditto ; imperfect fish, left lateral aspect.—Zone of Micraster corangui-

num ; Northfleet, Kent. B. M. no. 33230. md., portion of mandible
;

O'p., portion of operculum; other letters as in fig. 6. 27.

8. Homonotus rotundns, sp. nov.; distorted small fish, right lateral aspect, the

type specimen.—Zone of Hulaster sidjglobosvs ; Page's Pit, Westwell,

near Charing, Kent. Harris Collection (B. M. no. P. 315). Lettering

as in fig. 6. 28.

All the figures, except 6 a, of the natural size.
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PLATE VIII.

Fig. Page.

1. Hojjlopteri/x simiis, sp. nov. ; head from anterior and (1 a) left lateral

aspects.—Chalk ; Kent. Harford Collection (B. M. no. P. 5700).

ao., antorbital ; co., circumorbital ring ; eth., mesethmoid
; fr., frontal

;

mx., maxilla; pmx., premaxilla; s., scales on cheek; smx. 2, pos-

terior supramaxilla ; socc, snpraoccipital, viewed from above ; ii, iir,

paired slime-cavities. 23.

2. Ditto ; hinder part of cranium with upper part of opercular apparatus,

lower part restored in outline.—Chalk ; Kent. Mrs. Smith's Collec-

tion (B. M. no. 49074). iop., interoperculum ; ojj., operculum; jxip.,

preoperculum ; v., ridge bounding hollow on cranial roof originally

occupied by muscles ; sop., suboperculum. 23.

3. Ditto ; right mandibular ramus, inferior aspect, showing bridges of bone

over large slime-canal.— Chalk; Kent. Mrs. Smith's Collection

(B. M. no. 49073). Dotted line indicates long axis of head. 24.

4. Ditto; some scales of flank, showing course of lateral line (/.).

—

English Chalk. B. M. no. P. 387. 24.

5. Trachichthyoides ornatus, gen. et sp. nov. ; head with opercular apparatus,

from left lateral and upper (5 a) aspects.—Chalk ; Bromley, Kent.

Bowerbank Collection (B. M. no. 39076). cL, clavicle; d., dentary
;

pa., parietal
;
pet., pectoral fin

;
pfo., pterotic region ; other letters

as in figs. 1, 2. 29.

6. Homonotus dorsalis, Dixon ; head with opercular apparatus, right lateral

aspect.—Zone of Holaster subglohosus ; Burham, Kent. B. M. no.

41673. ao., antorbital; d., dentary; qn., quadrate; other letters as

in figs. 1, 2. 25.

7. Ditto; imperfect fish, left lateral aspect.—Zone of Micraster coraiigti.l-

num ; Bromley, Kent. B. M. no. 43264. a., anal fin; ao., part of

antorbital; c, caudal fin; d., dorsal fin-spines, partly restored from

counterpart; ,/'/•., frontal region; ]>lv., pelvic fins. 25.

All the fisrures of the natural size.
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PLATE IX.

Fig. Page.

1. JJrinicliehj.^ nngJicus, A. S. AYoodward; head with opercular apparatus,

rig-ht and left (1 a) lateral aspects, the type specimen.—A Turonian

zone; Houghton, Sussex. Willett Collection no. 100, Brighton

Museum, d., dentary ; eth., mesethmoid
; fy., frontal; hm., hyo-

mandibular ; iu,r., maxilla; op., operculum; j^"-^ parietal; |)rt,s'.,

probably parasphenoid
;

^)?»,)'., premaxilla
; j>02)., preoperculum; qv.,

quadrate; sp., sphenotic (postfrontal)

.

31.

2. Ditto ; hinder part of head, left lateral aspect.—English Chalk. Egerton

Collection (B. M. no. P. 4510 a), a.s., alisphenoid ; sq., squamosal;

other letters as in fig. 1. 31.

3. Ditto; remains of skull, quadrate (qn.), pterygoid arcade {'pf.), and

mandible ((/.).—Prolial)ly a Turonian zone ; Dover. Daniels Collec-

tion (B. M. no. 36133). 31.

4. Prionolepis angustus, Egerton; scales, chiefly shown from inner aspect,

the type specimen.—Zone of Holaster suhr/lohofnis ; Burwell,

Cambridgeshire. Dixon Collection (B. M. no. P. 9253). v., vertical

ridge on inner face of scale. 43.

5—8. Ditto ; four imperfect scales, outer aspect, twice nat. size, two

showing upper end, two showing lower end.—Zone of Hohi.^trr

planus ; Swaffham, Norfolk. C. B. Rose Collection (B. M. no. 29040).

/., course of lateral line. 43.

9. Ditto ; scale traversed by lateral line (/.), outer aspect, twice nat. size.

—

Zone of Holaster svhgJohosus ; Calne, Wiltshire. Cunnington Collec-

tion (B. M. no. 46393). 43.

10. GimolicMlnjs lewesiensis, Leidy ; right palato-pterygoid arcade, inner

aspect.—Probably a Turonian zone ; Burham, Kent. Egerton

('ollection (B. M. no. P. 1810c). pi., posterior inner palatine tooth. 46.

11. Ditto ; right palatine, oral face, showing two rows of, teeth.—Probal)ly a

Turonian zone ; Burham. B. M. no. 36750. ?"., sockets for inner

row of teeth ; o., base of an outer tooth. 47.

12. Ditto; right palatine, inner and upper (12^^) aspects.—English Chalk.

B. M. no. P. 407. p., large posterior inner tooth. 47.

13. Ditto; right mandibular dentition, outer aspect.—Zone of Holaster

suhglohosns ; Hailing, Kent. Bowerbank (V)llection (B. M. no. 39122).

Three series of teeth numbered i, ii, iii. 48.

14. Ditto ; left dentary, outer aspect.—Probably a Turonian zone ; Kent.

Mrs. Smitli's (\)llocti()ii (B. M. no. 49066). 47.

All the figures, except 5 to 9, of the natural size.
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PLATE X.

Fig. Page

1. Sardiiiioides ilhistrans, sp. nov. ; imperfect, vertically cruslied fish, upper

aspect, the type specimen ; also lateral view of head of the same

(1 a), and some hinder al)dominal vertebrae (1 h).—English Chalk.

Enniskillen Collection (B. M. no. P. 3977). hr., branchiostegal rays;

do., dorsal fin-rays; rjio., ej^iotic ; eth., mesethmoid ;_/'., dorsal fin-

supports
;
/)., frontal; md., mandible; imv., maxilla; na., nasal;

op., operculum; jxt., parietal; 2)cf., pectoral fin; piv., pelvic fin;

pm.i'., premaxilla
;
po'p., preoperculum

; |)/f., postfrontal; sni.v. 1, 2,

supramaxillfe ; socc, supraoccipital ; sop., sid)operculum ; spb., supra-

orbital. 34.

2. Anlojnis flameiitoKu.'<, Cuvier ; left lateral aspect of head Avitli opercular

apparatus, and upper view of skull (2 a).—Recent Fish, ng., articulo-

angular ; ao., antorbital ; co., circmnorbital ring; d., dentary;

hri)., hyomandibular ; ioj)., interoperculum
;

pf<>., pterotic
;

j^tf., post-

temporal; qii., quadrate; -s/., supratemporal ; ,9//., symplectic ; other

letters as in fig. 1. 33.

3. AcrognatJins hoojys, AgasBiz; distorted head and trunk, upper aspect (in

part) and right lateral aspect (3 a), the type specimen.—Chalk
;

LcAves. Mantell Collection (B. M. no. 4304). ((., anal fin ; d.,

dorsal fin; 7;;,''., maxilla; pet., pectoral fin; piv., pelvic fin; rpi.,

quadrate. 36.

All the figures of tlie natural size.
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PLATE XI.

Fig. Page.

1. Apateodiis stria tus, A. S.Woodward; distorted head, right lateral, left

lateral (1 a), and upper (1 />) aspects, the type specimen.—A Turonian

zone; Southeram, Lewes. Capron Collection (B, M. no. 49821).

ag., articulo-angular ; (/., dentary; _/>., frontal; mx., maxilla; jm.,

parietal
;

pL, palatine
;

j^^'^'^'-^ premaxilla
;

qu., quadrate ; socc,

supraoccipital ; si/., space for symplectic. 39.

2. Ditto
;

portion of head, left lateral aspect.—Zone of Holaster suhglo-

hosus ; Merstham. B. M. no. P. 90L5. sd., sclerotic ring; other

letters as in fig. 1. 39.

3. Ditto
;

])ortion of rostrum, showing inner aspect of left ectopterygoid

{ecpt.), palatine [ijI-), and fragment of maxilla {inx.).—A Turonian

zone; Cuxton, Kent. Harford Collection (B. M. no. P. 5(36(3). 40.

4. Ditto ; right palatine, outer aspect.—Chalk ; Kent. Mrs. Smith's

Collection (B. M. no. 49067). 40.

5. Ditto ; imperfect ectopterygoid.—A Turonian zone ; Burham, Kent.

•B. M. no. 33309. 40.

6. Ditto ; hinder end of left pterygoid arcade, outer aspect.— Ibid. S. J.

Hawkins Collection (B. M. no. P. 9042). ecpt., ectopterygoid ; Inn.,

hyomandibular ; nipf., metapterygoid. 40.

7. Ditto ; hinder end of jaws of left side, outer aspect.—A Turonian zone

;

Cuxton. Harford Collection (B. M. no. P. 5673). ag., articulo-

angular ; other letters as in fig. 6. 40.

8. Apateodifs lancenlatus, A. S. Woodward; portion of right palato-ptery-

goid arcade, outer aspect.—Zone of Holaster suhglohosus ; Dover.

Bowerbank Collection (B. M. no. 39080). ccpf., anterior end of

ectopterygoid; pi., palatine. 41.

All the figures of the natural size.
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PLATE XII.

Fig. Page.

1. Cimolirliihys lewesiensis, Leidy ; head witli opercular apparatus, upper

aspect and (1 a) left lateral aspect.—English Chalk. Egerton

Collection (B. M. no. P. 1811). ag., articulo-angular ; d., dentary;

/;•., frontal ; mx., maxilla ; lui., nasal ; oj)., operculum
;

^ja., parietal

;

pmx., premaxilla; jjop., preoperculum
; ptt., post-temporal; scl.,

sclerotic; .S5n,i\, supramaxilla ; socc, supraoccipital ; sop., subopercu-

lum. 45.

2. Ditto; head, broken across rostrum, right lateral aspect.—A Turonian

zone; Leaves. Enniskillen Collection (B. M. no. P. 5491). cr.,

backwardly crushed crest of hyomandibular (hm.) ; mpt., meta-

pterygoid
; qu., quadrate; other letters as in fig. 1. 45.

2 a. Left ceratohyal of same, inner aspect. 48.

3. Ditto ; barbed upper tooth, with part of crenulated hinder border en-

larged (3 ft).—Zone of Holaster suhglobosus ; Westwell, Charing,

Kent. Harris Collection (B. M. no. P. 329). 46.

4. Ditto; barbed upper tooth.—Chalk; Burham, Kent. B. M. no. 40143. 46.

5. Ditto ? {PUnthophorus robitstus, Griintlier) ; slightly distorted trunk,

right lateral aspect, one half nat. size, with a ventral scute (5 a) en-

larged twice.—Zone of Holaster suhglobosus ; Folkestone. B. M. no.

38113. a., anal fin; c, caudal fin ; do., dorsal fin; pcf., pectoral fin
;

ph., pelvic fin-support ; x., scute enlarged in fig. ha; i, ii, iii, rows

of scutes. 48.

All the figures, except 3 a, 5, 5 a, of the natural size.
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PLATE XIII.

Fia. Page.

1. Halec eupterygins (Dixon); imperfect head and abdominal region, left

lateral aspect.—A Turonian zone; near Maidstone. B. M. no. 32336.

ng., articulo-angular ; hr., brancliiostegal rays; cl., clavicle; cl.,

dentary; do., dorsal fin; mpt., metapterjgoid ; inx., maxilla; |)c/.,

post-clavicle; j^ct., pectoral fin; jiIik, pelvic fin-supports and portion

of fin; ])mx., premaxilla ; pop., preoperculum ; smx., supramaxilla. 53.

2. Ditto ; imperfect head, right lateral aspect.—A Turonian zone ; Lewes.

Mantell Collection (B. M. no. 4285). ecpt., ectopterjgoid ; hm.,]ijO'

mandibular; p/., palatine ; (/»., quadrate; .sv;/., sclerotic ; other letters

as in fig. 1. 5]

.

3. Ditto ; cranial roof, upper aspect.—Zone of Holasfcr suhglohosns ;

Hailing, Kent. Harford Collection (B. M. no. P. 5662). epo.,

epiotic ; eth., restored outline of mesethmoid
; //., frontal; ixi.,

parietal; socc. , supraoccipital ; ,'^j)/a, supraorbital ; tsvy., probably squa-

mosal ridge. 51.

4. Ditto; portion of hinder part of cranial roof, upper aspect, twice nat.

size.—Probably zone of Holasfer snhglobosus ; Burham, Kent.

Enniskillen Collection (B. M. no. P. 4537). Letters as in fig. 3. 51.

5. Ditto; remains of jaws, left lateral aspect, and imperfect mandible (5 a),

inferior aspect.—English Chalk. B. M. no. P. 9252. s., mandibular

symphysis; other letters as in figs. 1, 2. 53.

6. Ditto; remains of jaws of right side, outer aspect.— English Chalk.

Enniskillen Collection (B. M. no. P. 3657). Letters as in fig. 1. 53.

7. Ditto ; left premaxilla, inner aspect.—Chalk ; Brighton. Capron Collec-

tion (B. M. no. 49750). 53.

8. Ditto ; left opercular apparatus, outer aspect.—Probably from Burham.

Mrs. Smith's Collection (B. M. no. 49111). d., clavicle ; op., oper-

culum; pel., postclavicle
;
pop., preoperculum; sop., suboperculum. 53.

9. Ditto ; left post-temporal, outer aspect.—A Turonian zone ; Lewes.

Enniskillen Collection (B. M. no. P. 3657rO. 54.

All the figures, except 4, of the natural size.
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PECTEN. 145

i^aw%—PECTINID^,! Lamard-.

Genus—Pecten, Midler, 177G.

(' Prodr. Zool. Dan.,' p. 248.)

Sub-gemis—Synoyclonema, F. B. Meek, 1864.

(' Clieclc List of Invert. Poss. N. America, Cret. and Jur.,' Smithson, Misc. Coll. 177. pp. 7, 31.)

Syncyclonema should probably be united with Entolium, as has been suggested

by Philippi, since in the former the concentric ornamentation of the right valve is

sometimes incompletely developed, and the ears have, in some cases, a more or less

well-marked dorsal prolongation ; on the other hand, in some forms of Entolium the

dorsal prolongation of the ears is insignificant. Syncyclonema is the earlier of the

two names. The type of Entolium^ is Pecten demissus, Phillips ; this has also been

taken l)y Verrill ^ as the type of Frotanmsium.

Pecten (Syncyglonejia) oubiculaeis, Soiverly, 1817. Plate XXVII; and Text-

fig. 1.

1817. Pecten orbicularis, /. Sotverly. Min. Conch., vol. ii, p. 193, pi. clxxxvi.

1819. — — Lamarck. Anim. sans Vert., vol. vi, pt. 1, p. 182.

1822. — LAMiNOsus, G. Manfell. Foss. S. Downs, p. 128, pi. xxvi, figs. 8, 22.

1825. — OEBicuLAEis, Defronce. Diet. Sci. nat., vol. xxxviii, p. 252.

^ Recent accounts of the classification of the Pectinidse have been given by—A. E. Verrill, " A
Study of the Pectinidse, with a Revision of the Genera and Sub-genera," ' Trans. Connecticut Acad.,'

vol. x (1897), p. 41. F. Sacco, " Molluschi dei Terreni Terziarii del Piemonte e della Liguria ;
" pt.

24, " Pectinidaj," 1897. W. H. Dall, " Tertiary Fauna of Florida," ' Trans. Wagner Free Inst, of

Philadelphia,' vol. iii, pt. 4 (1898), pp. 689— 758. E. Philippi, " Beitriige zur Morphologic und

Phylogenie der Lamellibranchier :
" (1) " Hinnites und Velopecten," ' Zeitschr. der deutsch. geol.

Gesellsch.; vol. 1 (1898), p. 597; (2) "Zur Stammesgeschichte der Pectinideu," ibid., vol. Iii (1900),

p. 64. A. Locard, " Faune Malacologique Fran9aise," xi, " Monographie des Espcces appartenant au

Genre Pecten," '^nn. Soc. Linn, de Lyon,' vol. xxxiv (1888), p. 133. C. Deperet and F. Roman,

"Monographie des Pectinides neogcnes de I'Europe et des regions voisines," 'Mem. Soc. gi'ol. de

France (Paleont.),' vol. x, pt. 1 (1902).

2 Meeli, " Geol. Survey of California," ' Geology,' vol. i. Appendix B (1865), pp. 478, 479.

•' ' Trans. Connect. Acad.,' vol. x (1897), p. 71.

]9
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? 1836. Pecten laminosus, A. Goldfuss. Petref. Germ., toI. ii, p. 7(5, pi. xcix, fig. 9.

— — ORBICULARIS, Lamarck. Anim. sans Vert. (ed. 2, by Desliayes and

Milne-Edwards), vol. vii, p. 159.

1839. — LAMINOSUS, H. B. Geiiiitz. Char. d. SL-biclit. u. Petref. des silclis.

Kreidegeb., pt. 1, p. 23.

— — ciRCULARis, Geinitz. Ibid., p. 23.

1841. — ORBICULARIS, i^. J.. iJower. Die Verstein. nord-deutsoli. Kreidegeb.,

p. 49.

— — LAMINOSUS, Bijmer. Ibid., p. 49.

1843. — ORBICULARIS, H. B. Geinitz. Die Verstein. von Kie.slingswalda,

p. 16.

1844. — — A.iVOrhujmj. In X. Hommaire de Hell, Les Steppes

de la Mer Caspienne, vol. iii,

p. 439, pi. vi, figs. 18—20.

V 1815. — — E. Forbes. Quart. Journ. Gcol. Soc, vol. i, p. 249.

1846. — — A. E. Eeuss. Die Verstein. derbohni. Kreideformat.,

pt. 2, p. 27, pi. xli, figs. 18, 19.

— — LAMINOSUS, Eeuss. Ibid., p. 27, pi. xxxix, fig. 5.

1847. — ou-aicv-Lkuis, A. cVOrhigny. Pal. Fran9. Terr. Crct., vol. iii, p. 597,

pi. ccccxxxiii, figs. 14— 16.

? — — LAMINOSUS, /. Miiller. Petref. Aachen. Kreideformat., pt. 1, p. 31.

1848. — ORBICULARIS, H. G. Bronn. Index Palffiont., vol. i, j). 928.

1850. — — H. B. Geinitz. Das Quadersandst. oder Kreidegeb.

in Deutschland, p. 180.

— — — A. d'Orhigmj. Prodr. de Pal., vol. ii, p. 169.

? 1852. — — B. Kner. Denkschr. d. k. Akad. d. Wissensch.

Math.-nat. Classe, vol. iii, p. 315.

1854. — — /. Morris. Cat. Brit. Foss., ed, 2, p. 177.

1855. — — 6?. Cotteau. Moll. Foss. de I'Yonne, p. 116.

1863. — — A. V. Stromheclc. Zeitschr. d. deutsch. geol.

Gesellsch., vol. xv, p. 108.

1868. — — E. EicJncald. Lethsea Rossica, vol. ii, p. 423, pi. xx,

fig. 4.

18G9. •— suBLAMiNOSUS, E. Favre. Moll. Foss. Craie de Lemborg, ]>. 143,

pi. xiii, fig. 1.

1870. — ORBICULARIS, F. J. Pictef and G. Campiche. Foss. Terr. Crut. Ste.

Croix (Matc'r. Pal. Suisse, sor. 5), p. 206.

— — — W. A. Ooster. Protoz. Helvet., vol. ii, p. 57.

1871. — (Syncyclonema) orbicularis, F. StoUczka. Palaeont. Indica,

Cret. Fauna S. India, vol. iii,

p. 428.

1872. — i,AUiNosvs, H. B. Geinitz. Das Elbthalgeb. in Saclisen (Palsonto-

graphica, vol. xx, pt. 1), p. 192,

pi. xliii, fig. 14.

1873. — oPERCULARis, W. Danu's. Zeitschr. d. deutsch. geol. Gesellsch.,

vol. XXV, p. 68 ; ibid , vol. xxvi,

p. 763 (foot-note).

1874. — (Amusium) orbicularis, Domes. Ibid., vol. xxvi, p. 763.
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1874. Pecten laminosus, Dames. Ibid., \>. 7G4.

1876. — — H. DeicJce. Die Tourtia von Miillieim a. d. Eulir, p. 20.

1877. — — A. Fritsch. Stud, im Gebieteder bohm. Kreideformat.

:

II, Die Weissenberg. uud Malnitz.

Schicht., p. 136, fig. 126.

— — OEBicuLAiiis, G. Buelim. Zoitschr. d. deutscli. geoi. Gesellscli
,

vol. xxix, p. 233.

1881. — — J. Kiesow. Selirift. d. iiat. Gesellscli. in Danzig,

N. F., vol. V, p. 415.

1882. — of. OEBicuLARis, R. WindriioUer. Jalirb. d. k. preusyisch. geol.

Landesaust. fur 1881, p 20.

1883. — ORBICULARIS, vav. MAGNUS, W. Keeping. Foss., etc., Neoc. Upware

and Brickhiil, p. 106, pi. v, fig. 1.

1885. — (Syncyclonema) OKBicuLAEis, i^. JVti^Z'/«(7. Die Fauna d. baltisch.

Cenoman. (Palaeout Abhandl.,

vol. ii), p. 19, pi iii, figs. 4, 5.

— — — LAMINOSUS, Nutling. Ibid., p. 19, pi. iii, fig. 3.

? — Syncyclonema sublaminosa, J. Bohm. Vei-liandl. des i at. Vereins d.

preussiscli. Rheinl., vol. xlii, p. 83.

? 1889. Pecten laminosus, E. Hohapfel. Die Mollusk. Aachen. Kreide (Palae-

ontographica, vol. xxxv), p. 231.

1893. — orbicularis, R. Michael. Zeilschr. d. deutscli. geol. Gesellscli.,

vol. xlv, p. 236.

— — LAMINOSUS, Michael. Ibid , p. 235.

? 1894. — orbicularis, A. Hennig. Geol. Furen. i Stockholm Fdrliaudl.,

vol. xvi, p. 519.

1895. •— CoTTALDjNUS, G. Maas. Zcitsclir. d. dcufsch. geol. Gesellsch., vol.

xlvii, p. 269.

1896. — orbicularis, \ar. Lohmanni, A. WoUemann. Ibid., vol. xlviii, p.

839, pl. xxi, fig. 1.

1897. — — U. Sohle. Geognost. Jahreshefte, N. J. (1896),

p. 40, pl. iv, fig. 8.

— Syncyclonema orbicularis, li. B. Newton. Proc. Dorset Nat. Hist, and

Antiq. Field Club, vol. xviii,

p. 84, pl. iii, fig. 9.

19C0. Pecten germanicus, A. WoUemann. Die Biv. u. G-astrop. d. deutsch.

u. hoUiind. Neocoms (Abhandl. d. k.

preussisch. geol. Land., N. F., pt. 31),

. p. 41, pl. viii, figs. 13—19.

Non 1827. Pecten orbicularis, 8. Nilsson. Petrif. Suecana, p. 23, pl. x, fig. 12

(= P. Nilsso7d, Goldf.).

_ 1846. — ?,E. Forbes. Trans. Geol. Soc, ser. 2, vol. vii, p. 154

(= Amusiiim sulcatellum, Stol.).

Description.—Shell ovate or nearly orbicular, nearly equilateral ; height a little

greater than length ; margins on each side of the nmbo straightened, that on the

posterior side being slightly longer than the corresponding anterior part. Valves
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flattened, compressed near the straight margins ; the left valve sometimes rather

more convex than the right. Ears rather small, nearly equal, the anterior slightly

larger than the posterior, both often slightly produced dorsally ; external margins

usually curving, sometimes nearly straight ; those of the posterior ears somewhat

more oblique than those of the anterior. Surface of ears smooth or with growth-

lines, and occasionally radial stria3. Umbones sharp ; apical angle varying from

99° to 115°, average 10G°. No byssal sinus. Hinge similar to Amusium.

Right valve ornamented with broad and usually well-marked concentric ridges

and furrows, varying in number. Ridges flat, and, in well-preserved specimens,

with a ventral laminar portion projecting over the next furrow ; the furrows are

narrower or absent near the antero- and postero-dorsal margins. The ridges are

ornamented with fine concentric grooves, and with finer radial striee, the latter being-

seen best near the antero- and postero-dorsal margins.

Left valve appears almost or quite smooth to the naked eye, but with a lens is

seen to be ornamented with numerous fine concentric grooves, and sometimes with

fine radial strige.

Measurements :

(1) (2) (3) (4) (5) (G) (7) (8) (yj (10) (11) (12) (13) (14) (15) (IG) (17) (18) (19) (20) (21) (22) (28)

Length . 25-5 24 22 155 13-5 215 31 47 40 395 55 30 2G 24 15o 44 73 22 13 G9 34 31 235 mm
Height . 27-5 2G 25 17 15-5 25 34 50 43 42 5G 33 28 2G 17 47 7G 23 14 70 36 335 2G

(14-16) Gault, Folkestoue.

(17—19) Chalk Marl, Folkestoue.

(20, 21) Chalk Marl, Burwell.

(22, 23) Tottcruhoe Stone, Burwell.

(1—4) Tealby Limestone.

(5) Folkestone Beds, Folkestoue.

(6, 7) Grecusaud (Chert Beds), Haldou.

(8—11) Upper Grreeusaud, Veutuor.

(12, 13) „ „ Warminster.

Affinities.—P. germanicus, Wollemann, from the Neocomian of Brunswick,

appears to be inseparable from this species. The characters regarded as distinctive

by Dr. Wollemann, such as the fine concentric strise on the left valve, the more

laminar character of the concentric ribs on the right, and their radial strige, are

also found in many specimens of P. orbicularis ; their presence and distinctness

depend mainly on the state of preservation of the specimens. Dr. Wollemann has

examined a specimen from the Tealby Limestone (similar to PI. XXVII, figs. 1,2),

and informs me that it is undoubtedly identical with his P. gerinanicus ; he has also

kindly sent me specimens of the latter from near Brunswick, and they seem to be

quite inseparable from P. orbicnlaris. The difference in horizon is mentioned by

Dr. Wollemann as giving some support to his view that the Neocomian form is

distinct, Init since P. orbicularis ranges, without a break, from the zone of

P. brunsvicensis to the zone of Holaster suhglobosus^ we must rather regard the con-

tinuous distribution as favourable to the identity of the earlier and later forms.

P. orbicularis, var. magnus-, Keeping, from Upware, is a large variety of this

species, and is similar to a form found in the Chalk Marl (Text- fig. 1). In the
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specimens whicli I have seen, the concentric ornament on the right valve is indis-

tinct, owing to the imperfect preservation of the surface of the shell, but in several

cases the fine concentric grooves are clearly shown on the left valve.

Fecfcn Darius, d'Orbigny,^ from the Albian, is a closely allied foi-iii, l)ut at

present is known only by the brief description in the ' Prodrome.' The form from

the Gault of Cosne, described by De Loriol ^ as P. Darius, appears to differ from

P. orhicularls in the inequality of its ears ; the figures do not show the character

of the ornamentation satisfactorily. Amusiuni sulcatellum, Stoliczka,^ and P.

concciitiic('-suIcati(.'<, Miiller,* appear to be closely allied to P. orhicularis.

The Senonian specimens described by Goldfuss, Holzapfel, etc., as I\ laminosns,

Goldfuss, and by Favre and Bolim as P. suhlaminosus, seem to agree with those

forms of P. orbicularis which have more numerous ribs tlian usual, and pai'ticularly

with some examples from the Warminster Greensand and the Chloritic Marl of Maiden

Bradley. Professor Holzapfel has kindly sent me eight specimens from the Aachen

Greensand, but it is difficult to compare them satisfactorily with English examples

owing to their different mode of preservation. There does not, however, appear to

be sufficient reason to regard them as distinct from the Cenomanian forms of

P. orhicularis. The ears in the example figured by Goldfuss are larger than is usual

in P. orbicularis.

P. membranaceus, Nilsson,'' is similar in form to P. orbicularis, but has the con-

centric ornamentation very fine, so that the shell appears to be almost smooth.

P. Nilssoni, Goldfuss,'^ is also distinguished by being nearly smooth, and (judging

from Goldfuss' fig. 8 b) is still further separated from this group by its deep byssal

sinus.

P. numriinlaris, Fischer de Waldheim,^ is a closely allied form, but without

seeing a series of specimens I am unable to make a comparison.

P. {Anmsium) balticus. Dames,® is probably identical with ./'. orbicularis.

1 'Prodr. de Pal.,' vol. ii (1850), p. 139.

2 " Faune du Gault de Cosne," 'Mem. Soc. Pal. Suisse,' vol. ix, 1882, p. 84, pi. x, fig. 6.

3 'Palseout. ludica, Cret. Fauna S. India,' vol. iii (1871), p. -136, pi. xxxi, figs. 12, 17.

^ 'Mollusk. Uutersenon von Braunschweig u. Ilsede' (1898), p. 34, pi. v, fig. 9.

5 ' Petrif. Succ' (1827), p. 23, pi. ix, fig. 16 (lower figure). See also Hennig, Holzapfel, Zitk-l,

Greiuitz, Goldfuss, etc.

« 'Petref. Germ.,' vol. ii (1836), p. 76, pi. xcix, fig. 8.

' Fischer de Waldheim, 'Bull. Soc. Imp. Nat. de Moscou,' vol. xvi (1843), p. 135, ].l. v, fig. 4;

d'Orbigny, in Murchison, de Verneuil, and Keyserling, ' Gcol. de la Eussie,' vol. ii (1845), p. 475,

pi. xli, figs. 20—23, and figs. 16—19 (P. demissus) ; d'Orbigny, ' Prodr. de Pal.,' vol. i (1849), p. 373;

Trautschold, ' Bull. Soc. Imp. Nat. de Moscou,' vol. xxxviii (1865), p. 23, pi. iii, fig. 2 ; Nikitin, " Les

Yestiges de la Pcriode Cret. dans la Euss. Centrale," ' Mem. Com. Geol.,' vol. v, 1888, p. 73
;

P. demissus, Trautschold, ' Bull. Soc. Imp. Nat. de Moscou,' vol. xxxiv (1861), p. 268, pi. vii, fig. 4.

8 'Zeitschr. d. deutsch. geol. Gesellsch.,' vol. xxvi (1874), p. 762, pi. xxi, fig. 1. Nulling,

" Baltischen Cenoman.," ' Palaeont. Abhandl.,' vol. ii, p. 17, pi. ii, fig. 7.
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EemarJcs.—The appearance of the shell differs consi(leral)ly according- to the

state of preservation ; the fiie concentric grooves on the right valve are seen

chiefly when the onterniost layer of the shell lias Ijeen removed ; when a thicker

layer has disappeared this valve may become almost smooth.

This is one of the commonest and most widely distributed of the Cretaceous

Pectens ; it varies considerably in size, in proportions, in the number of con-

centric ribs, and also to some extent in convexity. Some of the varieties are more

abundant at certain horizons than elsewhere, but are seldom, if ever, limited to one

level, and are doubtless accounted for by the varying conditions under which the

deposits were laid down. Some of these varieties are here briefly noticed.

1. Trnlhj/ Limestone (zone of Bel. hrunsvicensis).—-The forms found at this

horizon never reach a large size (PI. XXVII, figs. 1, 2), and on the average

are smaller than those found in the Cenomanian ; they ai'e also slightly higher in

proportion to their length, and often rather more convex. The number of con-

centric ribs is not so great as in many Upper Greensand and Cenomanian forms.

Near the vunbo there is usually seen a fairly large, smooth portion of the shell

without ribs, which at first sight appears to be a distinguishing feature of the

forms from this horizon. But the examination of a large series of specimens

shows that this is due to imperfect preservation ; the same feature has been noticed

by Dr. Wollemann in Brunswick specimens. The size of this smooth area varies

very considerably in different specimens, and occasionally nearly all the concentric

ribs have disappeared ; moreover, an identical smooth portion is sometimes seen in

specimens from the Gault and Chalk Marl.

2. Folkestone Beds.—Forms very similar to those from the Tealby Limestone

and of about the same size occur in the Folkestone Beds of Folkestone, but do not

appear to be numerous. The number of ribs is sometimes greater, sometimes less

than in the Tealby specimens.

3. Gault.—The forms in the Cault (PI. XXVII, fig. 3) are, on the average,

of about the same size as the Tealby specimens, but some larger examples also

occur ; they sometimes possess rather more numerous ribs, and in some cases

the valves are quite as convex as in the Tealby forms, but usually rather less.

4. Upijer Greensand.—The forms from Ventnor are noteworthy for the large

size which they reacli ; the number of concentric I'ibs is variable, and on the largest

specimens the later part of the valve (PI. XXVII, fig. 7 a) is smooth and without

ribs, and in tlie riljl)ed part two distinct stages may sometimes be noticed, an

earlier with close-set ribs, a later with more widely separated ribs (PI. XXVII,

figs. 8, 9). Sometimes the grooves are widely spaced and the ribs broad (fig. 9 a).

/'. orhicuhiris seems to lie rare at Blackdown, and tlic forms seen are rather

small, with ininierous I'ibs. The example's fi'oiii the Chert Beds of Ilaldon

(PI. XXVMl, fig. I), of which there is a good series in the Exeter Miiseun), liavethe
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ears mucli larger than nsnal, also a smaller apical angle, and straight nntero- and

postero-dorsal margins ; the shell is rather high in proportion, and the ribs are

nnraerous. Since all the Haldon specimens agree in these respects, and are readily

distingnishable from those found elsewhere, they may be regarded as a local

variety, and named P. orhlcnlaris, var. haldonensis : this variety resembles the form

from the Cenomanian of Bavaria figured by S(")hle (1897). The forms fonnd in

the Upper Greensand of Warminster are rather larger than most of tliose in the

Gault and Lower Cretaceous, and often have numerous ribs.

5. Cenomanian.—Small forms, with a variable number of ribs, occur commonly

in the Chalk Marl, and rarely also a very large variety, sometimes reaching 70 mm.

in height (Text-fig. 1). In the fl. suhglohosus zone the average size is rather

Fio. 1.

—

Pecten (Syncydoiiema) orhicula Sow. Chalk Marl, Folkestone.
Natural size.

Woodwardian Museum.

larger than in Gault and Lower Cretaceous, but no forms as large as those in the

Upper Greensand mentioned above have been seen. The number of ribs is

variable.

Types.—The type, from the Upper Greensand of Devizes, appears to have been

lost, and the same is the case with the types of P. laniinosns from the Chalk Marl

of Hamsey and Stoneham.

Distrihntlon.—Folkestone Beds of Folkestone. liOwer Greensand of Upware.

Spilsby Sandstone of Donnington and Spilsby. Claxby Ironstone of Benniworth

Haven. Tealby Limestone (zone of B. brunsvicensis) of North Willingham and

Claxby. Speeton Series (same zone) of Speeton {fide Lamplugh).

Also recorded in the Geological Survey Memoirs from the Perna-hed of Ather-
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field and Sandown ; the Ferriig-inous Sands of Shanklin ; the Carstone of Bon-

church, etc. ; the Hythe Beds of Hythe, Maidstone, Godalming, and Pulborongh

;

and the Sandgate Beds of Sandgate and Parham. I have not seen the specimens

on which these records are based.

Gault of Folkestone (zones i—iii, ix—xi), and Black Ven. Zone of H. inter-

ruptiis of Okeford Fitzpaine. Recorded by the Geological Survey from the Gault

of Compton Bay, Culver, Blackgang, Niton, and Bonchurch, and from the Red

Limestone of Hunstanton. Cambridge Greensand (derived from the Gault). Upper

Greensand (zone of Scldmnhachia rostrata) of Blackdown, Devizes, Ventnor,

Selborne, and the Devon coast. Upper Greensand (zone of Peden aspeo^) of

Haldon, Warminster, Ventnor, and Niton.

Chloritic Marl of Maiden Bradley and Ventnor. Chalk Marl of Folkestone,

Hamsey, Blue Bell Hill (Burham), Burwell, Madingley, and Hauxton. Ceno-

manian of Wilmington. Lower Chalk (? Chalk Marl) of Stoke Ferry. Totternhoe

Stone of Cherry Hinton, Fulbourn, and Burwell. Zone of //. suhglohosns of Cherry

Hinton.

Pecten, sp., cf. NiLssoNi, Golilfuss, 1836.

A species, apparently belonging to this group, has been found by Mr. R. M.

Brydone in the Chalk of Trimingham ; it has a smooth, or nearly smooth, thin

shell, with nearly equal ears, and seems to agree with P. Nilssoni, Goldfuss,^ but I

am unable to say whether it possesses a byssal sinus as is shown in the figures of

Goldfuss and Ravn. It also resembles P. viciuhranaceus, Nilsson (see p. 140), but

appears to have been proportionately longer, and has consequently a larger apical

angle and smaller ears. Only three incomplete specimens have been seen, the

largest having a length of about 5o mm.

8'uh-genus—Camftonecj'es {Agassiz MS.), F. B. Med; 18G4.

('Check List of Invert. Foss. N. AnuTica, Cret. and Jur.,' Smithson, Misc. Coll. 177, pp. 28, 39.)

Pecten (Camptonectes) cinctus, Sowerhij, 1822. Plate XXVI II; and Text-fig. 2.

1822. Pecten cinctus, /. Sowerhy, Min. Conch., vol iv, p. 96, pi. ccclxxi.

1825. — — Befrance. Diet. Sci. nat., vol. xxxviii, p. 254.

1 Miiller (1827), p. 23, pi. x, fig. 12. aoldfuss, vol. ii (1836), p. 7Q, pi. xcix, fig. 8. Hennig (1897),

p. 45, pi. iii, figs. 18, 19. Vogel (1895), p. 21, pi. i, fig. 17. Kavn (1902), p. 9, pi. ii, figs. 3—5. See

also Romer (1841), Eeuss (1846), Favre (1869), Geinitz (1872), Brauns (1876), Fritsch (1877-97),

Behrens (1878), Griopeukcrl (1889), Stolley (1892), Leonhard (1897).
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1839. Pecten crassitesta, F. A. Ttomer. Verstein. nord-deutsch. Oolilli.-geb.

Nacbtrag, p. 27.

1841. — ciNCTus, F. A. Rumer. Die Verstein. nord-deutsch. Kreidogeb.,

p. 50.

184G. — iMPERiALis, A. Keyserlituj. Petschoraland, p. 295, pL xv.

1847. — CRASSITESTA, A. <V Orhiijuy . Pal. Fran?. Terr. Crc't., vol. iii, p. 584,

pi. ccccxxx, figs. 1— 3.

? 1854. — CINCTUS, J. Morris. Cat. Brit. Foss., ed. 2, p. 176 (not from the

locality and horizon given).

? — — crassitest/ , 3forWs. Ibid., p. 176.

1868. — — E. Eichwald. Lethsea Rossica, vol. ii, p. 4-l7.

1870. — — F. J. Pictet and G. Campiche. Foss. Terr. Cret. Ste.

Croix (Mater. Pal. Suisse, ser. 5), p.

212.

1871. — (Pseudamusium) crassitesta, ii'.fS'/o^icz/i-a. Palseout. ludica, Cret.

Fauna S. India, vol. iii, p. 428.

1884. — crassitesta, 0. Weerth. Die Fauna des Neocom. iin Teutoburg.

Walde (Palaeont. Abhandl., vol. ii),p. 53.

— — EoEMERi, Weerfh. Ibid., p. 54.

1895. — (Syncyclonema) crassitesta, F. Vogel. Holland. Kreide, p. 54.

— — crassitesta, G. Maas. Zeitschr. d. deutsth. geol. Gesellsch.,

vol. xlvii, p. 299.

1896. — — A. WoUemann. Ibid., vol. xlviii, p. 838.

1899. — — G. Maas. Ibid., vol. li, p. 249.

1900. — — A. WoUemann. Die Biv. u. Gastrop. d. deutsch. u.

holljlnd. Neocoms (Abhandl. d. k.

preussisch. geol. Land., N. F.,

pt. 31), p. 39.

'Description.—Shell very large, stout, rather convex, oval or nearly circular,

almost equilateral, length sometimes a little greater than height, sometimes a little

less. Umbo pointed, with the margins on each side straight or slightly concave.

Apical angle from 133° to 144° in the longer forms; from 120° to 127° in the

shorter and higher forms. Ears long and low, unequal.

Eight valve moderately convex, with a nearly smooth surface; ornamented

with very regular concentric linear grooves between which are flat interspaces, the

ventral edges of which are sometimes produced as laminse over the grooves. The

interspaces are crossed by numerous radial stride, which sometimes extend only part

of the distance from one concentric groove to the next ; also faint concentric ridges

are sometimes seen. Anterior ear larger than posterior, with a well-marked byssal

sinus, ornamented with close-set sinuous ridges. Posterior ear with the outer

angle rectangular or slightly ol)tuse, ornamented with ridges crossed by radial

strife.

Left valve more convex than the right, with similar ornamentation, but having

the concentric grooves more distinct, the lamiure often more ])roiiiinciit, and llie

i2o
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i^ndial strine usually less distiuct and sometimes abseut except near the uml)0. Ears

slightly unequal, with ridges and radial grooves.

Measurements :

A B

(1) (2) (3) (4) (5) (G) (1) (2) (3) (4) (5) (6) (7)

Length . r,7 118 118 120 182 191 ... 52 150 191 195 204 212 231 mm.

Height . 02 125 129 127 115 207 ... 52 145 179 184 192 201 220 „

A. Tlio liigliei- and shorter forms. (1) Tcalby Limestone : (2--G) Claxby Ironstone.

B. The lower and longer forms. (1) Tealby Limestone : (2— 7) Claxby Ironstone.

Affinities.—Goldfuss' P. circularis ^ was regarded l3y Romer and Bronn as

identical with P. crassitesta, Romer; subsequently both were considered l)y Romer

as synonyms of P. eindus, Sowerby. The example figured by Goldfuss is stated

by him to have come from the Greensand of Dorsetshire ; but no species of this type

appears to have l)een found in the Greensand of that district, whereas the similar

form 1^. lamellosas, Sowerby, from the Portlandian, is common there, and Goldfuss'

figure agrees more closely with that than with P. cinrtus : this view was evidently

held by Morris, since lie gives 1'. circularis as a synonym of P. lamcUosns.

P. lamiellosus, Sowerby,^ is undoubtedly closely allied to P. cinctus ; the ornamenta-

tion is practically identical in both, for although the radial striae on the former are

usually less distinct in specimens from the Portland Limestone, they arc quite as

well-marked in specimens from the Portland Clay as in P. cinctus. P. ImneUosns

may, however, be distinguished by its greater obliquity, smaller apical angle, and

proportionately higher ears (especially the anterior). The shell never attains

the same size as P. cinctus, its average l)oing nmch less ; the height ajipears to

be nearly always greater than the length.

Uemarl-s.—There are two forms of this species which differ in the proportions

of length and height, as will be seen from the figures, and from the measurements

(a and T.) given above. In one (a) the height is greater than the length, and the

valves are oval in outline, with a smaller apical angle and more elevated cars

(Text-fig. 2). The right valve is rather more convex than in the other form.

This form (a) was figured by Sowerby as P. cinctus. In the other form (li) the

length is greater than the height, and the valves are more nearly circular in

outline, with a larger apical angle and lower ears. The convexity of the valves

is less, and the anterior and posterior parts are more compressed (PI. XXVIII).

This form was figured by d'Orbigny as P. crassitesta.

Since the forms a and jj agree in all the details of ornamentation, and also

1 'Petref. Germ.,' vol. ii (183G), p. 76, pi. xcix, fig. 10.

2 ' Min. Conch.,' vol. iii (1819), p. 67, pi. cc.vxxix. See also de Loriol and Pellat, " Mon. de IVtage

Portlandien de Boidognc-siir-Mer " ('Mem. Soc. Phys. et d'Hist. nat. de Geneve,' vol. xix, 1866),

p. 103, pi. X, fig. 4,
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occur on the samo geolo^'ical liori/iOns, and since each shows some variation in the

proportions of Icngf/li and height, there seems no reason to regard them as more

than varieties of one species.

Tlie concentric grooves are generally more widely se})arated in the specimens

from the Sjieeton Clay than in those which come from the Claxby Ironstone.

'rhis species has nsually been known on the Continent as P. crassitesta, owing,

no doubt, to the fact that the type of P. ciiictas came from the Drift, and its true

horizon was for some time thono-ht to be Middle Jurassic : also to the fact of its

Fid. 2.—Pcctcii {Camptonectcs) cinctus. Sow. Claxhy Ironstone, Claxby. Woodwardian Musuuin.
The liiylier and shorter form of the species. x 5.

being the form with a higher shell, which is rather less common than the otiier

variety.

Ti/pe.—In the British Museum ; from the Drift—probably derived from the

Claxby Ironstone.

Distribution.—Claxby Ironstone (zone of Bd. hiferalis) of Claxby, North

Willingham, Tealby, Donnington. Tealby Limestone (zone of Bd. l>runsvicensis)

of Claxby. Speeton Series (zone of Bel. jacida\ii, D 1, D 4, D 5) of Speeton.
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Pecten (Cami'toxXeotks) Cuttaldinus, tVOrhiijiiij, 1847. Tlato XXIX, fig-.s, 1, 2 a, h,

3 a, h.

181-5. Pecten circularis, E. Forhes. Quart. Jouru. Geol. Soc, vol. i, p. 249

(non Groldfuss).

1847. — CoTTALDiNus, A. (VOrUijnij. Pal. Fran^. Terr. Crct., vol. iii,

p. 590, pi. ccccxxxi, figs. 7—11.

1850. — — — Prodr. de Pal., vol. ii, p. 83.

1855. — — G. Cofteau. Moll. Foss. de rYonne, p. 115.

1861. — — P. de Loriol. Auiiu. Invert, Foss. Mt. Salcve,

p. 10.3, pi. xiii, fig. 3.

1868. — — F. J. Field. Melanges Pak'ont., pt. 4, p. 261, pi. xl,

figs. 6, 7.

— — — E. Elchwald. LethEBa Eossica, vol. ii, p. 481.

1870. — — F. J. Fictet and G. Campiche. Foss. Terr. Cret.

Ste. Croix (Mater. Pal. Suisse, ser. 5),

pp. 197, 212, pi. clxvii, fig. 3.

? 1871. — — W. A. Ooster. Protozoe Helvetica, vol. ii, pp. 105,

125, 141.

— — (Syncyclonema) Cottxi,t>invs, F. StoliczJca. Palaeout. ludica, Cret.

Fauna S. India, vol. iii, p. 428.

1900. — CoTTALDiNus, G. Midler. Verstein. d. Jura u. d. Kreide. In W.
Bornhardt, Zur Oberflaclien u. Geol.

Deiitsch. - Afrikas (Deutscli - Ost-

Afrika, vol. vii), p. 551.

Non 1895, — — Cr. Maas. Zeitsclir. d. deutsch. geol. Gesellsch.,

vol. xlvii, p. 269.

DescrliMon.—Shell ovate, rather higher than long, inequilateral ; antero-dorsal

margin slightly concave, and longer than the postero-dorsal, Avhicli is slightly

convex. Convexity of valves small. Ears very unequal.

Right valve slightly convex ; surface almost smooth, ornamented with numerous

fine, regular, concentric grooves, which become more closely placed in passing

from the umbo io the margin of the valve. The intersjjaces are flat and sometimes

produced as slightly projecting laminae next the concentric grooves. Near the

umbo the interspaces are crossed by very fine, close-set radial striae. Anterior ear

large, produced, with a very deep byssal sinus, and a sulcus near the junction of

the ear and valve ; surface with many concentric narrow ridges. Posterior ear

small, triangular, outer angle slightly obtuse, with concentric ornament.
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Loft valvu inodcrately convex, with ornamentation similar to that of tl)e rig'ht,

l>iit the concentric gi'ooves are rather more distinct and not so close together; the

radial striee are more distinct and cover a larger part ' of the valve. Anteiior ear

large, triangular, outer angle about 90°, height nearly or quite equal to length,

with concentric ridges and i-adial striae. Posterior ear much smaller and lower.

Meafiuremcnts :

(1) (2) (3) (i) (5) ((i)

Length . o5'5 . 45 . 49 . 53 . 57 . 70 inin.

Height . 37 . 49 . 54 . 50 . 60 . 78*5 „

(1—5) Perna-hed of Atlierfield.

(6) Lower Greeusautl of Whale Chine.

Affinities.—This species is allied to P. cinctus, but differs in being less convex,

higher than long, distinctly inequilateral, smaller, in having the concentric grooves,

and usually also the radial strias closer together, the ears more unequal, and the

byssal sinus deeper.

BemarJcs.—A few small specimens (10 to 17 mm. long) from the Atlierfield

Beds of East Shalford, in the Meyer Collection, may be young examples of P.

Gottaldimis, but they also closely resemble P. Grepplni, Pictet and Renevier."

Typt'S.—D'Orbigny's specimens came from the Neocomian of Auxerre, etc.

The specimen referred to 1'. circnhiris by Forbes is in the Museum of the Geological

Society (No. 2030).

DldrihuUou.—Perna-hed of Atherfield. Lower Greensand (either Scaphites or

Lower Grioceras Groups of Fitton) of Whale Chine. Recorded by Topley (1875)

from the Atlierfield Beds of Peasmarsh and Shalford.

Peoten (Camptoneutes) sTuiATO-PUNCTATus, Ihoiiirr, 1839. Plate XXIX, figs. 4 (i,b, 5, 0.

1839. Pecten HTuiATo-PUNcrATUrf, F. A liiimer. Die Versteiu. d. nord-deutscli.

Oolith.-geb. Nachtrag.,
i>.

27.

1811. — — — Die Versteiu. d. uord-deuts(h.

Kreidegeb., p. 50.

1847. — — A. (.VOrhlijinj. Pal. Fran9. Terr. Cix't., vol. iii,

p. 592, pi. ccccxxxii, figs. 4—7

1850. — — — Prodr. de. Pal., vol. ii, i)p.

S^i, 119.

1 Perhaps the whole iu perfectly preserved specimens.

" ' Foss. Terr. Aptien de la Perte du Rhone, etc' (1858), p. 131, pi. xix, fig. 4. Pictet and Cani-

piche, • Terr. Oret. de Ste. Croix' (1870), p. 198.
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1854. Pecten striato-punctatus, J. Morris. Cat. Brit. Foss., od. 2, p. 177.

1868. — ARZiEEENSis, P. iU Loriol. Valangien d'Arzier, j). 47. pi. iv,

figs. 3—5.

1870. — STEiATO-PUNCTATUS, F. J. Pictet and G. Campiclie. Foss. Terr.

Crct. Ste. Croix (Mater. Pal. Suisse,

ser. 5), pp. 196, 211, pi. clxxi, figs.

4,5.

— — AviziERET^sis, Pictet and Campiche. Ibid., pp. 195, 211, pi. clxxi,

fig. 3.

1871, — (Camptonectes) STRiATO-PtrNCTATUs, F. StoUczlca. Palasont.

Indica, Cret. Fauna S.

Iiidia, vol. iii, p. 428.

1877. — STEIATO-PUNCTATUS, G. Bijlim. Zeitschr. d. deutscli. geol. Gesellsch.,

vol. xxix, p. 233.

1884. — — 0. WeertJi. Die Fauna des Neocom. im Teuto-

burg.Walde (Palaeout. Abliandl.,

vol. ii), p. 53.

1888. — ARZIEEENSIS, 6'. Nilcitin. Les Vest, de la Per. Cn't. dans la Euss.

centrale (Mem. Com. Geol., vol. v),

p. 73, pi. ii, fig. 12.

1889'. — LENS, var. morini, G. W. LatujiJiKjh. Quart. Journ. Geol. Soc.,

vol. xlv, 2^. 615.

1895. — (Camptonectes) steiato-punctatus, F. Voijel. Holland. Kreide.,

p. 54.

1896. — striato-punctatus, A. Wolhmann. Zeitschr. d. deutscli. geol.

Gesellsch., vol. xlviii, p. 840.

190O. — — — Die Biv. u. Gastrop. d. dcutsch.

u. hoUiind. Neocoms (Ab-

liandl. d. k. preussisch. geol.

Land., N. F., pt. 31), p. 49.

? 1900. — — G. MilUer. Verstein. d. Jura u. d. Kreide. In

W. Bernhardt, Zur Oberflachenu.

Geol. Deutsch-Afrikas (Deutsch-

Ost-Afrika, vol. vii), p. 550, pi.

xxiv, fig. 7.

Dcscfi/iflov.— Sliell ovate, a little liig-lior than loiii^-, nearly e(|uilatei"al, convexity

small, niai-o-ins rounded, dorsal portion pointed. Ears nnecpial.

Riglit valve flattened, anterior ear Avitli a deep sinns. Left valve rather more

convex, anterior ear with the outer angle nearly rectangular, posterior ear with

obtuse outer angle.

Both valves ornamented with numerous flattened radial ribs, which curve out-

Avards from the median part of the valves, and sometimes Ihfiircate, or have new

ribs intercalated. Ribs separated by narrow, sharply mai'ked punctate grooves.

At intervals a few distinct gi'owth-liues occui-. l^]ars with radial ribs crossed by

concentric growth-ridges.
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Measurements :

(1) (2) (•'5) (4)

Lengtli 36 2.5 22 15 mm.

Heio-lit 40 27 20 H) „

159

(1) B. hilcraJis zone, Speetou.

(2, 3) B. jaculum zone, Speeton.

(4) Claxby Ironstone, Benniworth Haven.

'J hesc measurements are approximate onlj, on account of the inipcrfedidu of the specimens.

Considerably larger examples than (4) occur in the Claxby Ironstt)n('.

AflJiiitles.—I have seen only a few specimens of this species, and most of them

are very imperfect, consequently I am unable to make a detailed comparison with

alHed forms. The species which appears to approach most nearly P. striato-

jmnetains is 7*. Mnriiii, de Loriol;^ it is found in the Portlandian of Swindon,

Hartwell, etc., and seems to differ from /'. sfrinfo-jniuctatiis in l)eing less equilateral,

owing io the greater proportionate lengtli and inward curvature of tlie antero-

dorsal margin ; the ribs are also, on the average, more numerous and ch)ser

together, but vary somewhat in this respect.

r. vinjattis, Nilsson, and P. curvattis, Geinitz (see below), are also related to /'.

sfriat()-])unctafiis.

Remarls.—Romer figured no examples of this species, but erroneously referred

to Goldfuss' figure of a Jurassic form (/*. /r/?.s). A small form found rarely in the

Gault of Folkestone is perliaps referal)le to P. striato-iymictatus.

Tijpcs.—From the Hils-conglomerate and Hils-clay of Schandelah, Schoppen-

stedt, and Elligser Brink. D'Orbigny's specimens were obtained from the Aptian

of St. Dizier (Haute Marne).

Distribution.—Speeton Clay (zones of B. lateralis, D 1, and of B. jaculam, C 11)

of Speeton. Claxby Ironstone (zone of Bet. lateralis) of Benniworth Haven.

? Upper Gault (zone viii) of Folkestone.

Recorded l)y Topley (1875) from the Atherfield Beds of Peasmarsh and East

Shalford, and from the Folkestone Beds of Folkestone. Recorded by Moi-ris from

the Lower Greensand of Folkestone.

Peoten (CAMrxoNECTEs) CUEVATUS, Gciiiitz, 181;3. Plate XXIX, figs. 7 a, h; Plate

XXXVII, tig. 1().

1833. Pecten arcuatus, A. Goldfuss. Petref. Germ., vol. ii.
i>. 50, pi. xci, fig. G

(non Nilsson).

? 1841. — — F.A.Bihner. DieVerstein.d. nord-deutsch. Kreidegeb.,

p. 51.

1 De Loriol and Pellat, " Portlandien de Boulogno-sur-Mer " (' Mem. Soc. Phys. et d'Hist. nat.

Geneve,' vol. xix, 1866), p. 107, pi. x, fig. 6.
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1842. Pecten STRiAToruNCTATUs, II. B. Geinitz. Char. d. Sdiicht. u. Petref. des

silchs.-b(')hm. Kreidegeb., pt.

3, p. 83.

? 1843. — CURVATUS, 71. B. Geinitz. Die Verstein. von Kiesliugswalda, p. 16,

pi. iii, fig. 13.

1816 — nivARicATUs, ^. 7?. J?('w.«.s. Die Verstoiu. der b()lim. Kroideformat.,

pt. 2, p. 28, pi. xxxix, fig. 6.

F — — ARCUATUS, Eeriss. Ibid., p. 27, pi. xxxix, fig. 7.

— — CURVATUS, H. B. Geinitz. Grrundr. der Versteiu., p. 468,

? 1847. — ARCUATUS, /. MiiJler. Petref. der Aaclien. Kreidef., ]it. 1, p. 32.

— — viRCJATUs, A. cVOrhigny. Pal. Franf. Terr. Cret., vol. iii, p. 602,

pi. ccccxxxiv, figs. 7— 10.

1848. — CURVATUS, H. G. Bronv. Index Palaeont., vol. i, p. 922.

1850. — viRGATUs et CURVATUS, H. B. Geinitz. Das Quadersaudst. oder

Kreidegeb in Deutschlaud, p. 180.

? — — CURVATUS, J.. fZ'0r6iV///?/. Prodr. de Pal., vol, ii, p. 197.

? — — DivARiCATUS, A. d' Orl>i(j)iy. Ibid
, p. 252.

V 1870. — VIRGATUS, F. Ri'nner. Geol. von Oberscliles., p. 333.

— •— CURVATUS, F. J. Bidet and G. Campiche. Foss. Terr. Crct. Ste.

Croix (Mater. Pal. Suisse, sci*. 5), p. 217.

1872. — — H. B. Geinitz. Das Elbthalgeb. in Sachsen (Pala?onto-

graphica, vol. xx, pt. 1), p. 193, pi.

xliii, fig. 15.
;

pt. 2, p. 33, pi. x.fig. 1.

? 1876. — (Camptonectes) curvatus, D. Brauns. Zeitschr. f. d. gesammt.

Naturwissensch., vol. xlvi, p. 390.

? 1877. — CURVATUS, A. Fritsch. Stud, im Gebiete der bohm. Kreideformat.

:

II, Die Weisseuberg. und Maluitz.

Schicht., p. 136, fig. 127.

? 1882. — VIRGATUS, H. Schri'idcr. Zeitschr. d. deutsch. goel. Gesellsch., vol.

xxxiv, p. 270.

? 1883. — CURVATUS, A. Fritsch. Stud, im Gebiete der bohm. Kreideformat.

:

III, Die Iserscliicht., p. 116.

1885. — (Camptonectes) divaricatus, F. Ni'itling. Die Fauna d. baltisch.

Cenoman. (Palaeont. Abhandl.,

vol. ii), p. 17, pi. ii, fig. 6.

V — Camptonectes curvatus, J. B'ohm. Verhandl. des naturhist. Vereins d.

Kheinl., vol. xlii, p. 78.

? 1887. Pecten (Camptonectes) curvatus, F. Freeh. Zeitschr. d. deutsch. geol.

Gesellsch., vol. xxxix, p. 155,

pi. xix, fig. 18.

p 1889. — VIRGATUS, E. Holzapfel. Die Mollusk. Aachen. Kreide (Palaeonto-

gi-apliica, vol. xsxv), p. 229, pi. xxvi,

figs. 7—9.

P — .— (Camptonectes) virgatus, 0. Griepenlcerl. Die Verstein. dor.

Senon. von Konigslutter (Palaeont.

Abhandl., vol. iv), p. 46.

? — — CURVATUS, A. Fritsch. Stud, im Gebiete der bohm. Kreideformat.

IV, Die Teplitz. Schicht., p. 85.
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1892. Peo'ien virgatus, F. Vocjel. Verliandl. nat. Vercius d. prciissisch. Rheinl.,

vol. xlix, p. 55.

? 1893. — cf. CURVATUS, B. Michael. Zeitschr. d. deutscli. gool. Gesellscli.,

vol. xlv, p. 236.

? — — CURVATUS, A. Fritsch. Stud, im G-ebieteder bolim. Kreideformat.

:

V, Priesen. Schicbt., p. 100.

? 1895. — (Camptonectes) virgatus, F. Vogel. HoUiindisch. Kreide, p. 23.

? 1897. — CURVATUS, A. Fritsch. Stud, im Gebiete der bobm. Kreideformat.:

VI, Die Cblomek. Scbicbt., p. 68.

? — — virgatus, a. Eutot. Bull. Soc. Beige Gcol., etc., vol. x, p. 30.

? — — — B. Leonhard. Die Kreideformat. in Oberscliles. (Pala3-

ontograpbica, vol. xliv), p. 26.

? 1900. — — C.Gacjel amlF. Kaunhowen. Jahrb. d. k. preussiscli. geol.

Laudesanst. u. Bergakad. fiir 1899, p. 231.

Non 1827. — arcuatus, 8. Nilsson. Petrif. Suecana, p. 22, pi. ix, fig. 4.

— — — virgatus, Nilsson. Ibid., p. 22, pi. ix, fig. 15.

— 1837. — — W. Hisinger. Letbsea Suecica, p. 52, pi. xvii, fig. 3.

— — — arcuatus, Hisinger. Ibid., p. 52, pi. xvii, fig. 2.

? — 1846. — virgatus, i?. i^o?-tes. Traus, Geol. Soc, vol. vii, p. 154, pi. xv, fig. 22.

? — 1852. — — F. Burner. Die Kreidebild. von Texas, p. 66, pi. viii, fig. 5.

— 1866. — — K.A.Zittcl. DieBiv. der Gosaugeb. II(Denkschr. d.k.

Akad. Wissensch. Math.-nat. CI. Wien,

vol. XXV, pt. 2), p. 109 (33 of reprint),

pi. xvii, fig. 8.

? — 1871. — (Camrtonectes) curvatus, F. 8tolic:di.a. Palseont. Indica, Cret.

Fauna S. India, vol. iii, p. 433,

pi. xxxi, figs. 15, 16; pi. xli,

figs. 4—6-

? — 1884. Camptonectes curvatus, J. F. Whiteavcs. Mesozoic Fossils, vol. i, pt. 3

(Geol. and N. H. Survey, Canada),

p. 242, pi. xxxii, fig. 4.

— 1897. Pecten virgatus, J. ifcHw'^. Revis. Lamellibr. i Nilsson's ' Petrif. Suec'

(Kou. Fysiogr. Siillsk. Lund. Handl,

N. F., vol. viii), p. 41, pi. ii, figs. 28, 33
;

pi. iii, figs. 32, 33.

Bcmarh.—This species closely resembles P. striato-pnnctatus, Romer, but

generally possesses fewer ribs, and is, on the average, of smaller size. I have

seen only two English specimens. One is a right valve from Great Halclon, 10 mm.
in length and 11 mm. in height, with well-marked radial ribs on the ears crossed

by much smaller concentric ribs. Another example, from the Chloritic Marl of

Eastbourne, is 9 mm. in length and also in height. Without more English speci-

mens, and without the opportunity of comparing them with collections of the

foreign forms described as P. virgatus, etc., it is useless to attempt to discuss the

relation of this to other Upper Cretaceous species.

21
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Distribution.—Upper Greensand of Great Haldon. Cliloritic Marl of East-

bourne.

Pectkn (Camptonectes) dubeisiensis, sp. nov. Plate XXIX, figs. 8 a—c.

Description.—Shell ovate, lieight a little greater than length, almost equilateral,

margins evenly rounded. Umbones pointed. Apical angle about 117°. Ears

rather large, unequal.

Right valve flattened, nearly smooth, with a few radial ribs near the antero-

dorsal border, and occasional fine curving radial ornamentation like that on the left

valve. Antero-dorsal margiu slightly concave. Anterior ear long, with a deep

byssal sinus, very sinuous growth-lines, and well-marked growth-ridges. Posterior

ear triangular, with radial ribs and grooves.

Left valve moderately convex—the convexity greatest in the dorsal third, the

ventral portions more compressed. Greater part of the surface smooth or nearly

smooth ; a few faintly marked growth-lines. Ornamentation seen on the sides of the

umbonal region, also at the ventral edge, and for a short distance on the inner margin

of some of the growth-lines ; it consists of faintly marked outwardly curving ribs,

separated by very narrow grooves, which are somewhat irregular and (in well-

preserved specimens) punctate. Anterior ear large, not sharply separated from the

rest of the valve, ornamented l)y a continuation of the radial ribs and grooves of

the umbo, some of which cut the dorsal margin obliquely ; the ribs are crossed by

faint growth-ridges. Posterior ear smaller with similar ornamentation.

Measurements :

(1) (2) (3) (4)

Length . 58 . 58 . 42 . 32 mm.

Height . 63 . 59-5 . 46 . 35 „

(1) Totternlioe Stoue, Cherry Hinton.

(2) Chalk Marl, Burham.

(3) Totternhoe Stone, Burwell.

(4) H. suhfjlohosus zone, Hitcliin.

Affinities.—The ornamentation is much less developed than in P. striato-

punctatas ; the shell is also larger, with a wider apical angle, less elevated cars, and

with the left anterior ear indistinctly limited.

llemarks.—This is a comparatively rare form, which appears to be confined to

the Chalk Marl and the zone of H. subglobosus.

Type.—C\m\k Marl of Dover, British Museum, No. 38243.

Distribution.—Chalk Marl of Dover and Blue Bell Hill, Burham. Totternhoe
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Stone of CliciTy Hinton and Burwell. Zone of 11. sulxjlohoms of Hitcbin. Lower

Chalk of AVest Row near Mildenluxll, and Stoke Ferry.

Pectkn (Camttoneotes ?) GAULTiNUS, sp. nov. Plate XXX, figs. 1 a, b, 2.

Description.—Shell small, oval, a little higher than long, convexity small ;

somewhat inequilateral, the antero-dorsal border slightly concave and longer than

the postero-dorsal, which is slightly convex. Bars very uneqnal. Apical angle

from 95° to 100^

Right valve flattened, nearly smooth, with faintly marked, nearly straight

radial ribs near the anterior and posterior borders, separated by narrow punctate

grooves ; riljs and grooves absent or indistinct on the middle of the valve, except

near the umbo. Anterior ear long, with a deep sinus, and three or four radial ribs

crossed by growth-ridges. Posterior ear small, with its outer angle obtuse.

Left valve rather more convex, with similar oi'namentation.

Measurements

:

(1) (2) (3) (4)

Length . 22 . 15 . 14 . 17 mm.

Height . 19 . 17 . 16 . 19 „

(1-3) Gault, Black Ven.

(4) Gault, Folkestone.

lii'Diarhs.—This species differs from the typical Camplonedes in having the

punctate gi-ooves nearly straight instead of curving outwardly.

Types.—In the Woodwardian Museum, Cambridge.

Distrihutloii.—Gault of Folkestone and Black Ven.

Sub-genus—Chlamys, J. F. Bolteii, 1798.

(' Museum Boltoniauuni,' p. 1(J5.)

Pecten (Chlamys) fissicosta, Ether'uhje, 1881. Plate XXX, tigs. 3, 4, 5c?, b,

1881. Pecten fissicosta, B. Ether'uhje. lu W. H. Penning and A. J. Jukes-

Browne, Geol. of Cambridge (Mem.

Geol. Survey), p. 141, pi. ii, fig. 1
;

pi. iii, fig. 1.
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Description.—Shell ovate, slightly inequilateral ; height greater than length, the

difference increasing with age, usually in the proportion of 9 : 7 or 9 : 8, but in small

specimens of 5:4*5. Valves compressed, the right flatter than the left; antero-

and postero-dorsal margins nearly straight, the remainder regularly rounded and

with corrugated edges. Apical angle about 90°, but larger (sometimes 100°) in

small specimens. Ears unequal.

Right valve ornamented with strong, rounded, radial ribs, usually from sixteen

to eighteen in number, but sometimes fewer or more (twelve to twenty-three). The

ribs are separated by rather deep, rounded furrows, which are rather -narrower

than the ribs. At a distance from the margin of the valve, which varies in

different specimens, some of the ribs are usually divided by a narrow groove, some-

times median, sometimes on one side ; towards the umbo this groove becomes

relatively more important, and divides the main rib into two equal and narrow

ribs ; and at the same time another similar rib may appear in the main furrow,

giving the appearance of numerous slender ribs. All these ribs seem to die

out before reaching the umbo, where the s-hell (to a length of about 5 mm.)

is apparently smooth.' At distant intervals well-marked growth-ridges are

seen, and also (in some cases) very fine concentric lines. The surface of both

ribs and furrows (but especially the latter) is covered by close-set radial strige,

which at the middle of the valve are parallel with the main ribs, but, in passing

to the anterior and posterior margins, become more and more oblique to the

main ribs, and also more irregular and less continuous. Anterior ear large,

produced, with a deep byssal sinus ; surface with sinuous growth-lines (some

strong), and two or three faintly marked radial ribs at the middle of the ear near its

ajDCx. Posterior ear smaller, not produced, triangular, with from seven to nine faintly

marked radial ribs and growth-lines (two or three being strong) ; on the ventral

part of the ear the fine striae of the rest of the shell are continued, and cut the

ribs obliquely.

Left valve with ribs similar to those of the right, but rather narrower, and

separated by broader furrows. The ribs are sometimes divided by a small groove,

which may reach the margin of the valve. In the main furrows there is frequently

a small radial rib, which often ends at varying distances from the margin, but some-

times is continued, becoming stronger. Close-set radial strias, like those on the

right valve, occur on both ribs and grooves. Fine concentric ribs occur in places,

especially on the earlier parts of the valve, and also, at intervals, strong growth-

ridges. Ears triangular ; the anterior larger, and with radial ribs and growth-lines

;

the posterior nearly smooth and with famt ribs.

' This may, liowovcr, be due to imperfect preservatiou.



PECTEN.

ensurements .

(1) (2) (3) (1) (5) («) (7)

Length . 4-5 . 40 . o(') . ;3() . ;}5 . 27 ,. 20 mil

Hoio-ht . 52 ,, 47 . 44-5 . 44 ,. 42 ,. 31 ,. 2U

1G5

(1) Tottenilioe Stone, Cherry Hiutou.

(2—7) „ „ Burwell.

AJfiulties.—P. fisslcosta is readily distinguished from the other species with

strong ribs by its numerous radial strise and by the fission of some of the main

ribs. P. landeroneusls, De Loriol,' resembles this species in form, but possesses a

strongly marked concentric ornamentation. The radial strise of P. Jissicosta

resemble those of Camptoiiedes as well as those seen in 1\ Bohinaldimis, etc. The

varieties, with few and undivided ribs (PI. XXX, fig. 7), approach /'. dcccnicostaius,

Goldfuss (references on p. 167), but the valves are higher.

Ti/pes.—From the Totternhoe Stone, Burwell ; in the Woodwardian Museum.

Distribution.—Chloritic Marl of Ventnor. Chalk Marl of Eggardon Hill

(Dorset), Folkestone, and Blue Bell Hill, Burham. Totternhoe Stone of Arlesey,

Cherry Hinton, Burwell, Orwell, and Stoke Ferry. Zone of 11. sidiglohosas of

Cherry Hinton.

Pkoten (Chlamys) PuzosiANUS, Mathcron, 1842. Plate XXX, figs, da, h, 10 a, h,

11, 12.

1842. Pecten PuzosiANUS, P. MatheroH. Catal. Foss. cles Bouches-du-Eliouo,

p. 18.5, pi. XXX, figs. 1—3.

1847. — — A. (VOrhljinj. Pal. Fran9. Terr. Crct., vol. iii, p. 610,

pi. ccccxxxvii, figs. 1—4.

1850. — — — Prodr. de Pal., vol. ii, p. 197.

1870. — — F.J. Plcttt and O. Campiclie. Foss. Terr. Crct. Ste.

Croix (Mater. Pal. Suisse, ser. 5), p. 215.

1896 — cf. PuzosiANUS, A. J. Juices-Browne and W. Hill. Quart. Jouru.

Geol. Soc, vol. lii, p. 151.

Descrijjlion.—Shell ovate, higher than long, nearly equilateral and e(|uivalve,

dorsal portion pointed ; antero- and postero-dorsal margins long. Convexity

small, valves bent near the antero- and postero-dorsal margins. Apical angle about

90°. Ears large, unequal.

Right valve slightly convex, with numerous narrow ribs, which on the mid-

dorsal parts of the valve are alternately large and small, but elsewhere become

De Loriol aud Gillieron, ' Urgou. Infer, de Landeron' (1869), p. 22, pi. i, fig. 19; Pictet and

Oauipiehe, "Terr. Cret. de Ste. Croix" ('Mater. Pal. Suisse,' ser. 5, 1870), p. 187, pi. clxix, figs. 6, 7.
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more nearly equal in size. Surface with concentric ridges or growth-lines, which

sometimes develop into small spiny projections where they cross the i-ibs. Anterior

ear large, rising dorsally, with a deep byssal sinus.

Left valve rather more convex, with usually from thirty-eight to forty-fovir ribs

at the margin, where they are separated by very narrow grooves. Most of the ribs

are of nearly equal size, Imt occasionally smaller ones occur ; they are rounded on

the early parts of the valve, but become flattened and broader ventrally, and also

anteriorly and posteriorly. Secondary ribs are introduced at a short distance

from the umbo. The grooves become narrow ventrally. Surface of ribs and

grooves with close-set, concentric, linear ribs, which are better marked near the

umbo than elsewhere. The bent antero- and postero-dorsal margins are without

ribs, but have numerous radial strige ; these striee appear on some of the ribs also.

Anterior ear more elevated and larger than the posterior ; both witli a few broad

radial ribs.

Measurements :

(1) (2) (3)

Length . 42 . 39 . 35 mm.

Height . 50 . 49 . 42 „

(1) Ceuoiuauiau (Bed 11), Duuscombe.

(2) Cenomanian, Wilmington.

(3) Ceuonaaniau (A. Mantelli zone), Beer Head.

Affinitieti.—The ribs in this species are more numerous as a rule, and the

concentric ornamentation much less well-developed than in P. Espaillaci, d'Orbigny.

The ribs are much more numerous than in P. fissicosta, Etheridge, and the radiating

strise much less developed, being apparently confined to the anterior and posterior

part of the valves.

BemarJcs.—The English specimens are smaller than those figured by Matheron

and d'Orbigny, and, as pointed, out by Jukes-Browne, agree better with the figures

than with the descriptions given by those authors, but specimens obtained from

France leave no doubt as to the identity of the English form with Matheron's

species. I have not seen the arrangement of the ribs shown in Matheron's section

(fig. 3), but there is sometimes an alternation of large and small ribs.

Types.—Cenomanian (Chert Beds) of Les Martigues, Uchaux, and Mornas Sault.

Distribution.—Cenomanian of Wilmington. Cenomanian (Beds 10, 11) of

Beer Head, and (Bed 11) of Dunscombe. Chloritic Marl of Melbury (Dorset)

and Maiden Bradley.
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Pecten (CriLAMYs) BBiTANNicus, sp. nov. Plate XXXI, figs. 1 a, h, 2 a, h.

Deserlptiou.—Shell thick, ovate, flattened, with even margins, slightly inequi-

lateral, antero-dorsal margin a little longer than the postero-dorsal, apical angle

abont 90^

Left valve with sixteen or more (sometimes probably thirty) strong, romided,

radial ribs, separated by deep grooves, which are frequently as broad as or

broader than the ribs. The ribs merge into the smooth margin of the shell

;

they do not bifurcate, and only rarely is a new rib introduced between two

others. Both ribs and grooves are marked by concentric, linear ridges, which are

more distinct in the grooves than on the ribs, and are placed close together at

regular intervals ; the ridges imbricate upwards. Anterior ear moderately large,

with the outer angle nearly rectangular, and one or two radial ribs. Posterior

ear not seen.

Right valve not seen.

Measurements

:

Length ........ 26"0 mm.
Height 28-5 „

From M. cor-ancjuinmn zone, South Croydon.

Affinities.'—This species resembles P. EspaUlaci, d'Orljigny,^ from the Senonian

of Dordogne and Charente-Inferieure, but it differs from the French form in

possessing fewer ribs, with a stouter shell and thick margin (instead of a sharp and

corrugated edge) ; also in the concentric ridges imljricating upwards, instead of

downwards. A specimen of P. EspaUlaci from the Dordonian has been sent me
by M. A. de Grossouvre, and its concentric ridges are much better developed on the

ribs, and in places are more scale-like, than in our species.

P. decemcostatus, Goldfuss,^ possesses fewer ribs and is apparently without the

fine concentric ridges.

F. fissicosta, Etheridge (p. 163), presents some resemblance to this species, but

is easily separated by the divided and usually fewer ribs ; also by the corrugated

margin and the much less distinct concentric ridges, and by the occurrence of

fine radial strife.

1 'Pal. rran9. Terr. Cret.,' vol. iii (1847), p. 614, pi. ccccxxxix, figs. 1—4; d'Orblgny, ' Prodr. de

Pal.,' vol. ii (1850), p. 251 ; F. J. Pictet and G. Campiche, " Foss. Terr. Cn't. Ste. Croix" (' Mater

Pal. Suisse," ser. 5, 1870), p. 215.

2 'Petref. Germ.,' vol. ii (1833), p. 53, pi. xeii, fig. 2 ; Geinitz, ' Das Elbthalgeb. Sachson,' pt. ii

(1872), p. 35, pi. X, figs. 8, 9.
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A specimen from Lewes, figured by Mantell,' may perhaps be an example of

tliis species.

Bemcirlis.—Only tliree specimens have been seen, all coming from nearly the

same horizon. The number of ribs on those from Haling and Gravesend is fewer

than on the specimen from Stratford, but in other characters they agree.

Types.-—In Dr. Blackmore's collection, and in Mr. G. E. Dibley's collection.

Distribution.—M. cor-anguinum zone of Haling pit, South Croydon, of

Gravesend, and of Stratford, near Salisbury.

Peoten (Chlamys) MiLLERi, Sowerhj, 1836. Plate XXXI, figs. Sa, h, 4, 5, Q,a, h.

1836. Pecten Milleeii, /. dc C. Sovjcrhy. Trans. Geol. Soc, ser. 2, vol. iv, pp.

241, 342, pi. xvii, fig. 19.

1850. — — A. iVOrhifjny. Prodr. de Pal., vol. ii, p. 169.

1854. — Milleri, /. Morris. Cat. Brit. Foss., ed. 2, p. 176.

1870. — — F. J. Pidet and O. Campiche. Foss. Terr. Cret. Ste.

Croix (Mater. Pal. Suisse, ser. 6), p. 214.

Description.—Shell rather small, ovate, nearly equilateral, the dorsal third

narrowing rapidly ; height greater than length. Margins well rounded, but the

antero-dorsal and postero-dorsal more or less concave, and the former longer than

the latter ; inequivalve. Apical angle about 99°. Ears very unequal.

Right valve slightly convex, flattened, with numerous slightly elevated, rounded

radial ribs, which are smooth or slightly scaly, and separated by broader, shallow

grooves. Anterior ear long, with a well-marked sinus
;
posterior ear much smaller,

triangular, with outer angle obtuse.

Left valve much more convex than the right, especially in the median line

towards the umbo ; ornamented with numerous (usually 45 to 54) radial ribs,

which are slightly elevated, flattened or rounded, and smooth (except a few of the

posterior ribs) ; on the dorsal part the furrows are narrower than the ribs, and

pitted, but ventrally they may be broader, and are always shallow. A secondary rib

may appear in the furrows towards the ventral border. Anterior ear considerably

larger than the posterior, with seven or eight radial ribs and a few growth-lines

;

its outer angle almost rectangular. Posterior ear smaller, with obtuse outer angle.

Measurements

:

(1)

Length . 28 .

Height . 32 .

(1—6) All from Blackdown.

' ' Foss. S. Downs ' (1822), p. 203, pi. xxv, fig. 6.

(2) (3) (4) (5) (0)

26 . 21 . 20 ,. 13 ,, 12

29-5 . 24 ,. 23 ., 15 .,
14-,
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licnKirJrs.—^riic rioht valve is loss common than tlio left, 'i'lic state of presei'-

vation of the shell, and consequently the appearance of the ornamentation, varies

a good (leal.

Type.—From Blackdown ; in the Bristol Museum.

Disfrihnfinii.—Blackdown Greensand (Bed 10). Recorded by Downcs (1882)

from Ilaldon, and by Jukes-Browne (1900) from the Upper Greensand of Lulworth

and Warminster.

PjiCTEN (CiiLAMYs) siTjiA( 'UTds, Laiii<iirl; iSl!). Plate XXXI, figs. 7 n,h, Sr/—r, 9.

l8l'J. Pecten SUI5A.CUTUS, LamarcJc. Auiiu. sans Vert., vul. vi, p. 181.

1836. _. -_ _ Ibid., ed. 2 (by Desliayes aud Milne-

Edwards), vol. vii, 23. 158.

1847. — ~ A. cVOrhhjnij. Pal. Fran?. Terr. Grot., vol iii, p. f.nS,

pi. ccccxxxv, figs. 5—10.

? — — Brongniarti, a. (VArrJilac. Mem. Soe. geol. de France, ser. 2,

vol. ii, p. 310, pi. xvi, fig. 4.

1850. — — H. B. Geiuitz. Das Quadersandst. oder Kreidegeb.

in Deutschland, p. 183.

1870. — SUBACUTUS, F. J. Pidet and G. Camjnche. Foss. Terr. Cvct. Ste

Croix (Mater. Pal. Suisse, ser. 5), pp. 214,218.

1872. — — //. B. Gtliilh. Das Elbthalgeb. in Sacliseu (Paliconto-

grapliica, vol. xx, pt. 1), p. l'J5, pi.

xliv, fig. 5.

1877. — — A. J. Jukes-Browne. Quart. Journ. Geol. Soe., vol.

xxxiii, p. 501.

1896. — — _ and W. Hill. Ibid, vol. Iii, p. 151.

Dct>cri2)tioii.— Shell ovate, pointed dorsally, much higlier than long, nearly e(|ui-

lateral, convexity small. Apical angle al)ont b'O".

Right valve with aljout twenty-three strong ribs, which are straight or sliglitly

curved, and have usually sharp summits, l)ut are sometimes rounded ; the grooves

separating the iil)S are broad, with rounded or angular bases. Near the anterior

and })osterior margins the ribs are rather smaller; near the umbo they are often

more rounded than elsewhere. Both ribs and grooves are crossed l)y numerous, line,

close-set, Avavy, laminar ridges, which are more regular and distinct near the lunbo

than ventrally. The I'iljs usually l)ear along their sunnuits many scaly knobs or

short spines, which are often distributed at fairly regular intervals ; sometimes these

scaly spines are absent over part or almost the entire shell. Anterior ear large,

with a deep sinus
;
growth-ridges well-marked, radial I'ilis indistinct. Posterioi- ear

nuich smaller, triangular, with radial ribs.

22
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Left valve a little more convex, with similar ornamentation ; ears slightly

unequal.

Measurements

:

'

U) (2) (3)

Length . 37 . 34 . 24 mm.

Height . 49 . 43 . 31 „

(1) Greensand, Haldon.

(2, 3) Chalk Marl (Bed 11), Dunscombe.

Affimties.—P. acummatus, Geinitz,^ resembles closely this species, but seems to

differ from it in having few or no scaly spines on the ribs, and also in having the

concentric ornament somewhat coarser ; the ribs, as a rule, are also less sharp and

somewhat less numerous. The state of preservation of the spines in P. suhactdus

varies a good deal in difFerent specimens ; in some cases (as in fig. 8) they are

absent from the greater part of the surface. It seems probable, therefore, that the

comparison of good series of specimens might show P. aciiminatiis and P. suhacutus

to be identical.

The form from the Cambridge Grreensand, referred to this species by Jukes-

Browne, possesses the characteristic concentric ornamentation, but has rather more

numerous ribs ; only three specimens have been seen, and since they are rather

imperfectly preserved, the determination of the species cannot be regarded as quite

certain.

Type.—From the Cenomanian of Le Mans.

Distribution.—Cenomanian :^Bed 10 of Hooken, Beds 11 and 12 of Dunscombe,

Bed 12 of Branscombe. Greensand of Haldon. ? Cambridg'e Greensand.

Pecten (Chlamys) elongatus, Lamarck, 1819. Plate XXXI, figs. 10, 11 a,h, 12 a,h,

13; Plate XXXII, figs. la,b,

2a,h, 3a,h.

1819. Pectkn elongatus, Lamarck. Anim. saus Vert., vol. vi, ]>. 181.

1822. — OBLiQuus, /. de C. Sowerhy. Mia. Couch., vol. iv,
i^. 95, pi. ccclxx,

fig. 2.

1 Geinitz, ' Char. d. Schicht. u. Petref. des siit-hs-bbhin. Kreidegeb.,' pt. 3 (1842), p, 84, pi. xxi,

fig. 6; Reuss, 'Die Verstein. der bohm. Kreidefonnat.,' pt. 2 (1846), p. 29, pi. xxxix, figs. 20, 21;

d'Archiac, ' Meiri. Soc. gt'ol. de France,' ser. 2, vol. ii (1847), p. 309, pi. xvi, fig. 3 ; Kunth, ' Zeitschr.

d. deutsch. geol. Gesellsch.,' vol. xv (1863), p. 725 ; Michael, ibid., vol. xlv (1895), p. 235 ; E(3nier,

' Geol. V. Oberschles.' (1870), p. 333, pi. xxvi, fig. 3 ; Geiuitz, " Das Elbthalgeb. in Sachsen " (' Palffiouto-

graphica,' vol. xx, pt. i, 1872), p. 194, pi. xliii, fig. 16; pi. xliv, fig. 1 ; Fritsch, ' Bohni. Kreidefonnat.

III. Iserschicht.' (,1883), p. 116, fig. 89; Notling, "Die Faiuia d. balliscli. Ciuoniau." (' Palaeout.

Abhaudl.,' vol. ii, 1885), p. 19, pi. iii, fig. 2; Leonhard, " Die Kreideforniiit. iu Oberschles." (' Palaeonto-

graphica,' vol xliv, 1897), ]). 26.
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1825. Pecten elonoatus, Defrance. Did,. Sci. iiiit., vol. xxxviii, p. 2()5.

1833. — CRETOSUR, A. Gnhlfuss (nou Bcfranrc). Pciref. Gcrin., vol. ii, p. 58,

pi. xciv, fig. 2.

183G. — ELONGATUS, Lamcirclc. Anim. sans Vert., ed. 2 (by G-. D. Deshayes

and H. M. Edwards), vol. vii, p. 158.

1830. — CRETO.sus, H. B. GeiiiHz. Char. d. Scliicht. n. Petrof. des siichs.

Kreidegcb., pt. 1, p. 22.

1841. — CRiRPUH, F. A. Eiiiner. Die Verstein. d. nord-deutsch. Kroidegeb.,

p. 51.

— — coMANfi, Bi'imer. Ibid., p. 51, pi. viii, fig. G.

1842. — Paujasi, H. B. Geiniiz. Char. d. Schirht. n. Petref. dos siichs.

-

br)lnn. Kreidegeb., pt. 3, p. 83.

— —
• COMANS, Geinifz. Ibid., p. 83.

1846. — FAUJASi, H. B. Geinifz. Gruudriss der Verstein., p. 468.

— — CRispus, A. E. Beusfi. Die Verstein. der bohm. Kreideformat., pt.

2, p. 30.

? 1847. — ELONGATUS, A. cVOrhigmj. Pal. Fran9. Terr. Ci-et., vol. iii, p. 607,

pi. ccccxxxvi, figs. 1—4.

— — Kaulinianus, fZ'Ortif/ft?/. Ibid., p. 695, pi. ccccxxxiii, figs. 6 — 9.

1850. — ELONGATUS, il'Orhujmj. Prodr. de Pal., vol. ii, p. 1C9.

— — CRisptrs, d'Orbigny. Ibid., p. 169.

— — Rauliniantjs, d'Orhigny. Ibid., p. 139.

— — ELONGATUS, H. B. Geiuitz. Das Quadersandst. oder Kreidegeb. in

Deutschland, p. 182.

— — COMANS, Gcinitz. Ibid., p. 180.

1853. — Raulinianus, F. J. Pictet and W. Roux. Moll. Foss. Grcs verts

de Geneve, p. 510, pi. xlvi, fig. 2.

1854. — ELONGATUS, /. MorHs. Cat. Brit. Foss., ed. 2, p. 176.

— — M.A.RUo'viK'svs, Morris {non d'Orhigny). Ibid., p. 176.

F — — Raulinianus, Morris. Ibid., p. 177.

1870. — OBLiQUUs, F. J. Pictet and G. Cainpiche. Foss. Terr. Crt't. Ste.

Croix (Mater. Pal. Suisse, ser. 5),

p. 214.

— — ELONGATUS, Pictet and Campiche. Ibid., pp. 214, 218.

— — Raulinianus, Pictet and Campiche. Ibid., pp. 202, 213, pi. clxxii,

figs. 5—7.

1872. — ELONGATUS, H. B. Geinifz. Das Elbthalgeb. in Sachscn (Palaeouto-

graphica, vol. xx, pt. 1), p. 195,

pi. xliv, figs. 2— 4.

1876. — cRispus, H. DeicJce. Die Tourtia von Miilheim a. d. Ruhr, p. 26.

1877. — Raulinianus ?, A. J. Juices-Browne. Quart. Journ. Geol. Soc,

vol. xxxiii. p. 501.

1878. — ELONGATUS, C. Barrois. Ann. Soc. guol. du Nord, vol. v, p. 318

(foot-note 4).

? 1881. — cf. ELONGATUS, /. if(e.50M'. Sclirift. dematurf . Gcsellscli. in Dauzig,

vol. V, p. 415, fig. 11.

1883. — Raulinianus, W. Keeping. Foss., etc., Neoc. Upware and Briek-

hill, p. 104.
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? 1885. Pecten ELONGAius, J^. Ni'itting. Die Fauna <1. baltisch. Crnoman. (Palae-

out. Ahliandl., vol. ii), p. 20, jil. iii,

fig. (>.

1887. — — A.Peron. Hist, du Terr, do Craie (Bull. Sue. Sci.

hist, et nat. dc rYoime, ser. 3, vol. xii),

p. K!3.

1893. — — B. Michael. Zeitschr. d. deutsch. geol. Gesellsch
,

vol. xlv, p. 235.

1895. — (Chlamts) elongatus, E. T!c><f<en. Had., vol. xlvii, p. 468.

1896. — ELONGATUS, A. J. Jitldf-Browiie and W. Hill. Quart. Journ.

Geol. Soc., Vol. Iii,

p. 151.

1900. — — Jul-es-Browne. Cret. Eoclvs of Eritaiu (Mem. Geol.

Survey), vol. i, p. 451.

Nou 1833. — —A. Gohlfms. Petref. Germ., vol. ii, p. 59, pi. xciv,

_ 1844-. — — F. M'Coi/. Garb. Limcst. Foss. Ireland, p. 92, pi. xvi,

fig. 9.

— 1846. — coMATiiS, A. E. Rcufis. Die Verstein. der bolim. Ki-eiddforniat., pi.

2, p. 29, pi. xxxix, fig. 13.

? — -

—

— OBLiQUUS, Beiiss. Ibid., p. 29, pi. xxxix, fig. 18.

— 1871. — ELONGATUS, J. Pliillij^s. Geol. Oxford, etc., p. 441, pi. xvii,

fig. 19.

Description.—Shell ovate, pointed dorsallj, higher than long, of little convexity,

nearly equilateral. Ears rather large, very nnequal. Apical angle from 78° to

a])out 90''.

Right valve flattened or slightly convex, ornamented with numerous ribs, which

are frequently grouped in triplets—a larger central rib with a smaller on each

side—but sometimes occur in pairs or singly. The smaller ribs appear at varying

distances from the umbo in different specimens. Each rib bears many lappet-like

scaly projections ])laccd transversely ; those are sometimes close together and

arranged very regularly, l)ut may ])e more distant and somewhat irregular. In

places fine growth-ridges are present. The grooves between the ribs are rather

narrow and rounded. NarroAv portions of the valves at the antero- and postero-

dorsal margins are without ribs, but are covered by numerous fine grooves ])laced

nearly perpendicularly to the plane of junction of the valves. Ears Avitli radial ribs,

which are often indistinct, nnd with well-marked growth-lines ; on the posterior ear

stria> (like those on tlie margin of the valve) are sometimes seen crossing the ribs

;

anterior ear large with a deep sinus, posterior ear smaller, triangular.

Tjcft valve of moderate convexity with ornamentation similar to that of the riglit

\a]\('. l^];irs ti'iangular, with many spiny ril)s; the anterior larger than the

posterior.
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:

(1) (2) (3) (4) (>) CO (7) ("8) (0) (10) (11) (12) (13) (It.) (15) (1(5) (17)

Length . 43 41 37 33 20 33 5G GO 50 40 38 28-5 13 36 50 60 35

Height . 53 51 47 41-5 25 44 65 73 06 50 49 34 17 47 58 74 45

173

(IS)

(1-5) Gault, Folkestone. \
(!> -13) Grey Chalk, Dover.

(6) Upper Greoiisand, Warminster. (14) Chalk Marl, Ventnor.

(7) „ „ Veutuor.
i

(15—17) Lower Chalk, Burwell.

(8) Malinstoue, Wilton. l (18) Tottenihoe Sloue, Arlesey.

Affinilh-fi.—^YhQ examples from the Gaiilt (usually named P. Iidiiliiilfiiiiis) have

been regarded as distinct from those found in the Upper Greensand and C'halk (/'.

pJoiir/afit.^) ; in the former the ribs usually appear to be more prominent owing to

the longer and more pointed scales, and generally the triple arrangement of the

ribs is not so Avell-marked as in the latter. The first difference is, I think, readily

explained by the less j)erfect preservation of the spiny scales in specimens from the

pervious beds of the Upper Greensand and Chalk ; tlie triple arrangement of the

ril)s varies coiisideral)lv in different specimens of 1'. cloiHjafns from the Chalk and

Greensand, and some forms with less regular triplets seem to be quite inseparable

from the examples found in the Gault; on the other hand, a few Gault specimens

have the triplets well and regularly developed. Mr. Jukes-Browne and Dr. F. L.

Kitchin have examined carefully a number of specimens, and agree with me in

considering that the differences between P. eloiigatns and 1\ Rauiiniaiius are not of

specific value.

/'. Miirrotiantia, d'Orbigny,^ from the Upper Senonian of Dordogne, resembles

r. clniu/atK.^, Ijut is apparently distinguished by the ears being less unequal, and by

the anterior left ear having fewer and more distinct ribs ; also the scales on the ribs

of the valve are closer together and more numerous, and in the grooves between

the triplets of ribs there are, in the adult, two small ribs.

P. Fcriijasi, Defrance,^ from the P. mucronata Chalk of Maestricht, approaches

very closely those forms of P. ehmgatns which have the triple arrangement of the

ribs well developed, l^ut appears to differ in having fewer ribs.

BpmnrJcs.—The specimens figured as i'. L'nuliniaiins by Pictet and Roux, and

by Pictet and Campiche, seem to differ from the English forms in haN'ing k^wcv

ribs ; in this respect, however, the figm-es of those Avriters do not agree Avitli theii-

descriptions. But since Pictet and Campiche obtained specimens from Folkestone

for comparison it is probable that their determination is correct. The example

1 ' Pal. Franc. Terr. Cix't.,' vol. iii (1847), p. 612, pi. ccccxxxviii, figs. 1— 6.

" Faiijas-St.-Foua, ' Hist. Nat de la Mont, de St. Pierre de Maestricht' (1799), p. 153, pi. xxiv,

fig. 5; Defrance, 'Diet. Sei. nat.,' vol. xxxviii (1825), p. 265; Goldfuss, ' Petref . Germ.,' vol. li

(1833), p. 57, pi. xciii, fig 7 ;
> Reuss, ' Versteiii. bohm. Kreide format.,' pt 2 (1846), p. 30 ; SchrGder,

' Ze'tsehr. d. deutscli. geol. Gesellsch.,' vol. xxxiv (1882), p. 265 ; Vogel, ' Verhandl. nat. Vereius d

preussisch. Rheinl.,' vol. xlix (1892), p. 59, and ' Hollandiseh. Kreide' (1895), p. 24, pi. i, fig 22.
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figured as P. chmgafus by d'Orliigny appears to belong to anotlier species. P.

ohlir/nvs, SoAverljy, is probably identical with P. elongatus ; the type, however, is

missing, and the figures do not show the character of the ornamentation satis-

factorily, but it is clear from the description that the ribs were in triplets and

covered with numerous scales.

This is a moderately common species in the U]:)per Greensand and Lower

Chalk. In a specimen from the Chalk Marl of Ventnor (PL XXXI, fig. 12)

the shell is proportionately higher, and has a smnller apical angle than usual

;

it is near to the form figured by Geinitz (1872, pi. xliv, figs. 2, 3). Other

specimens connect this high form with those of normal proportions. A few

specimens from the Lower Greensand of Upware—now in the Woodwardian

Museum, and in Mr. J. F. Walker's collection, were referred by W. Keeping to

P. Baulinianus ; their state of preservation is less satisfactory than that of Upper

Cretaceous examples, but they approach closely some forms of P. elongatus from

the Upper Greensand and Chalk, and nre probably correctly referred to that

species.

Types.—The type of P. ehmgatns came from the Cenomanian of Le Mans.

The type of P. oUiquus from the Upper Greensand (? Devizes) cannot l)o found in

the Sowerby collection. The types of P. Rauliniauus came from the Albian of Grand

Pre and Macheromenil (Meuse).

Distribution.—Ganlt of Folkestone (zones viii and xi of Price). Cambridge

Greensand. Upper Greensand of Ventnor. Malmstone of Alton. Chloritic Marl

of Maiden Bradley. Rye Hill Sand of Warminster. Chalk Marl of Ventnor,

Folkestone, and Burwell. Totternhoe Stone (ff. suhgJohosus zone) of Arlesey and

Burwell. Lower Greensand of Upware (see " Remarks" above).

Peoten (Chlamys) ciiETOSUs, Defrance, 1822. Plate XXXII, figs. 4 a

—

a, b a,h,

6 a—c ; Plate XXXIII.

1822. Pecten cbetosus, Defrance. A. Brongniart. Descript. gool. Envir. de

Paris (in Cuvier's Ossein, foss., vol. ii),

pp. 2.51, 598, pi. iii, fig. 7.

— — ARACHNOiDES, Defronce. Brongniart. Ibid., pp. 251, 599, pi. iii,

fig. 8.

— — NiTiDA, O. Mantell. Foss. S. Downs, p. 202, pi. -xxvi, figs. 4, 9

(?fig. 1).

1823. — NiTiDus, J. de C. Sowcrhy. Miii. Conch., vol. iv, p. 130, pi. cccxciv,

fig. 1.

1825. — CRETOsus, Defrance. Diet. Sci. uat., vol. xxxviii, p. 207.

— — AKACHNoiDK.s, Dcfrancc. Ibid., j). 2tiG.
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1841. Pecten nitidus, F. A. RiJmer. Die Versteiu. uord-deutsch. Krcidogeb.,

p. 52.

1845. — UNDULATUS, A. d'Orhujuij. lu Murcliison, de Vltik'uI], and do

Keyserliug's Gt'ol. Russ. d'Eurt)[K',

vol. ii, p. 490, pi. xliii, figs. 8—10.

1846. — NITIDUS, A. E. Beuss. Die Versteiu. der billiii). Kreideformat.,

pt. 2, p. 28.

1847. — CRETOsus, A. cVOrhujny. Pal. Franc;. Terr. Crct., vol. iii, p. 617,

pi. ccccxl, figs. 1— 7.

1848. — NITIDUS, H. G. Bronn. Index PaliBont., vol. i, p. 927.

1850. — CEETOsus, H. B. Qeinitz. Das Quadersaudst. oder Kreidegeb. in

Deutscliland, p. 182.

— — — A. d'Orhhjity. Prodr. de Pal., vol. ii, p 251.

— — NITIDUS, A. cVOrhlijmj. Ibid., p. 252.

-- — Zeisneri, a. Alth. Geog.-pal. Besclireib. der niiclist. Unigeb. von

Lemberg (Haidiuger'sNaturwiss Abliaudl.,

vol. iii, pt. ii), p. 249, pi. xii, fig. 36.

— — AEcuATUs, Alth (uon Sowerhy). Ibid., p. 245, pi. xii, fig. 29.

— — svBiNTKiiSTRiATVs, F. Dixon {nond'Archiac). Geol. Sussex, p. 356,

pi. xxviii, fig. 19.

1854. — NiTiDvs, J. Murris. Cat. Brit. Foss., ed. 2, p. 176.

— — CRETOSUS, Morris. Ibid., 2>. 176.

1866. — — K. A. Zittel. Die Biv. der Gosaugeb. (Deuksclir. d. k.

Akad. Wissensch. Matli.-uat. Classe, vol.

xxv), p. 112 (36 of reprint), pi. xviii,

fig. 2.

1869. — Zeisneri, E. Favre. Moll. Foss. de Lemberg, p. 146, pi. xiii, fig. 2.

1870. — CRETOSUS, F. Bilmer. Geol. Oberscliles., p. 316, pi. xxxvii, fig. 6.

— — — F. J. Bidet and Q. Gampiche. Foss. Terr. Cret. Ste.

Croix (Mater. Pal. Suisse, ser. 5), pp. 215, 218.

1871. — — F. StoUczha. Palajont. Indica, Cret. Fauna S. India,

vol. iii, p. 428.

— — NITIDUS, Stoliczka. Ibid., p. 428.

1872. — CRETOSUS, H. B. Geinitz. Das Elbtlialgeb. in Sacliseu (Palaeonto-

grapliiea, vol. xx, pt. ii), p. 34, pi. x, figs. 5, 6.

1882. — — H. Schroder. Zeitschr. d. deutsch. geol. Gesellscli., vol.

xxxiv,
J).

265.

— — — var. NiTiDA, Schroder. Ibid., p. 266.

1887, — — A. Peron. L'Hist. Terr, de Craie (Bull. Sou. Sei. hist.

et nat. de I'Yonne, ser. 3, vol. xii),
i>.

164.

1889. — — 0. GriepenJcerl Sen- )n. von KiJnigsl utter (Palasont. Ab-

liaudl., vol. iv), p. 41 (not the synonymy).

-^ A. Fritsch. Stud, im Gebiete der bobm. Kreideformat. :

IV, Die Teplitz. Scliicht., p. 85.

1892. (Chlamys) CRETOSUS, E. SfoUey. Die Kreide Schleswig-Holsteius

(Mitth. Min. Inst. Kiel, vol. i), p. 239.

181)7. — CRETOSUS, B. Leonhard. Kreideformat. in Oberseliles. (Pal^onto-

grapliica, vol. xliv), p. 45.
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? lbl'7. Pecten CEETOSUS, var. NiTiuA, ^. Hctin!(j. Revis. af LaiiU'l]. i Nilssou's

' Potrif . Suecaua ' (Kon. Fjsiogr. Siillsk.

i Lund. Haudl., N. F., vol..viii), p. 49.

1898. — — G. Midhr. Mollusk. d. TJntersenou v. Braunschweig,

etc. (Abliand. d. k. preussisch. geol. Lande-

saust., N. F., Heft 25), p. 31, pi. v, fig. 1.

1900. — — var. Zeisneki, C. Gagel and F. KatinJiowen. Jalirb. d.

k. preussisch. geol. Landesaust. u.

Bergak. f iir 1899, p. 229.

— — — A. WoUcmann. Die Fauna Senons von Biewende

(ibid., 1900), p. 16.

1902. — — J. P. J. Itavn. Mollusk. i Danniarks Kridfafi. I.

Lamellibr. (K. Danske Vid. Skrift. 6

Eaekko, nat. math. Aid., vol. xi),

p. 88, 1.1. i, figs. 11, 1,S.

•^ --- -- var. MTiDA, Ert(;;(. Ibid., p. 88, j)!. i, figs. 12, 13, 21.

Non 1833. — — A. Goldfuxs. Petref. Germ., vol. ii, p. 58, pi. xciv, fig. 2

( = critij)us, Romer, and elongatvs, Lamarck).

Besciijifiuii.—Shell thin, ovate, higher than long, slightly inequilateral, rounded

ventrally, antero-dorsal margin slightly concave, postero-dorsal margin straight or

sliglitly convex. Valves of slight convexity. Apical angle varying from 90° to

105°. Ears moderately large, nnequal.

Right valve flattened or slightly convex, with numerous narrow ribs which

may be very slender or moderately strong; the interspaces are sometimes broader

than the ribs, but narrower when the ribs are more numerous. In the interspaces

are numerous regularly placed, linear, concentric ridges, which may l)e confined to

the neighbourhood of the umbo, or may cover a larger part, or even the entire

surface of the valve; these ridges are usually closer together ventrally than near

the umbo. At some distance from the umbo, in a few or in many of the inter-

spaces, new ribs appear, and sometimes remain throughout smaller than the

primary ribs, but in other cases rapidly become of the same size as the primaries.

Near the antero- and postero-dorsal edges of the valve the radial ribs are absent,

and numerous fine strise are placed nearly perpendicular to the edge. The ribs

hear numerous spiny processes, which are usually scale-like and placed transversely,

but may be more poiiiied or roimded and nodular; these processes may occur over

the entire surface^ oi' l)e confined to parts, and they vary in size on different

specimens. Anterior ear long, Avith a deep sinus; dorsal portion smooth, but

between that and the sinus are from three to five spiny ril)s, which are usually

rather indistinct. J'osterior ear smallei-, triangulai-, \\ith the outt'r angle slightly

obtuse ; with seven or eight radial ribs bearing scaly or nodular |)rocesses, and

sometimes crossed by concentric ridges.
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Left valve ratlicr more convex than the ri,o-lit, and with similar oi-namentatioii,

but the ribs iisuallj ratlicr stronger, and sometimes more numerous; the concentric

ridges are often less distinct, exce])t near the uml)o ; ventrally, they are often

placed very close together. Anterior ear with the outer edge convex, and eight to

eleven radial ribs which are slightly spiny; the dorsal margin without ril)s.

Posterior ear smaller, with the outer angle obtuse, and with eight or nine ril)s

which are slightly spiny.

MeiiHureiinents

:

M. cor-anguinum MarsupUes
zone. zone. A. quadratus zone. B. mucronata zone.

(1) (2) (3) (4) (.5) (G) (7) (8) (9) (10) (11) (12) (13) (14) (15) (IG) (17) (18) (19) (20) (21) (22) (23) (24) (25)

Length 31 32 34 28... 27 3G ... 24 27 275 32 335 35 38 41 42 43 49 ... 23 24 25 25 28 36 37 41 mm.
Height 38 37 38 33 ... 28-5 42 ... 28 32 33 SfJ 39 40 42 47 48 48 55 ... 27 28 :{0 31 33 42 44 48 „

(1) M. cor-cmguinum zone, Portou, Salisbury.

(2, 3) „ „ Gravesend.

(4) „ „ Nortlifleet.

(5, 6) MarsupUes zone, Witherington, Salisbury.

(7— 17) A. quadratus zone, East Harnliain, Salisbury.

(18—2-5) B. nnicronata zone, Norwich.

EeniarJcs.—This species varies greatly in the details of its ornamentation, and

to some extent also in the proportions of height and length. The number, close-

ness, and strength of the ribs differ considerably ; near the ventral margin of the

valves they may be of equal size, or alternately large and small, owing to the later

ribs still remaining smaller than the earlier ones. When the ribs are relatively few

in number the flat interspaces are broader than the ril)S, as in the form named

r. arachnoides, Defrance ; Avhen the ribs are more numerous the interspaces are

narrower than the ribs. For a short distance ventrally to a strong growth-line the

ribs are sometimes deflected to one side. The narrow concentric ridges are usually

distinct near the uml)o, and may be absent or indistinct on the rest of the shell, or

they may extend to varying distances from the umljo, and in some cases cover the

entire shell. Usually the concentric ridges are well -spaced near the umbo, and

become closer together ventrally, but sometimes they are equally distant all o\'er

the shell, or even become more widely separated ventrally. Spines are usually

present near the umbo, and may be absent from all the rest of the shell, or may

recur at the ventral border only; often they extend to about one-third of the

distance from the umbo, or even cover the entire surface. In some cases alternat-

ing spiny and smooth concentric bands occur, the change taking place at well-

marked growth-lines, e. g. spines near the umbo, in the middle of the valve and at

the ventral border, separated by two smooth bands. In other cases the spines

may be absent from the greater part of the valve. The "spines" vary in form,

being usually scaly, but sometimes more pointed or nodular ; in some cases they are

23
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rather irregularly developed, but in others they are placed at very regular intervals,

and are of very uniform size. The differences in the spines are in some cases

connected with the state of preservation of the specimens. Nothing less than a

large series of micro-photographs would illustrate adequately all the differences in

the ornamentation of this species.

A few large specimens (length G7 nun., height 72 mm ), from the B. mvcronata

zone of Norwich, appear at first sight to differ greatly from this species, on

account of the greater part of the valves being nearly smooth, or marked with

linear radial grooves separating flat interspaces ; these forms agree perfectly in

outline and in the form of the ears with some of the large examples of 1\ cretosus,

and I believe they are only large and much-worn examples of that species, since

the characteristic ornamentation sometimes occurs in the neighbourhood of

the umbo for a distance of about 10 mm. (Norwich Museum, No. 2180), or,

in other cases, just below Avell-marked groAvth-lines near the ventral liorder

of the valve, where the shell has undergone less wearing (Norwich Museum,

No. 2188).

In tliis variable species the extremes differ to such an extent in their orna-

mentation that, Avhen considered separately, they appear as distinct species, but

on examining a large series of specimens ^ a complete gradation is found to exist

between the different forms, which we must therefore regard as merely modifications

of one species.^ The different forms, moreover, are not confined to one horizon or

one locality, and it seems therefore hardly necessary to give them distinct names

;

but from the same zone and the same spot (e. g. East Harnham and Norwich) extreme

forms and connecting links may sometimes be found. Moreover, in some cases two

types of ornamentation appear on different parts of the same shell. The form with

numerous strong ribs agrees with the type of P. cretosus, Defrance. /'. arachnoides, of

the same author, is the variety with relatively few and narrow ribs, with the spines

poorly developed, and with regularly-placed concentric ridges. A variety with

very slender and numerous I'ibs (found at Trimingham, etc.) agrees with the

example figured as 1'. iindnlafns by Holzapfel. Another form with numerous

well-developed, regularly placed, spiny scales on the fairly numerous radial ribs

approaches F. senatus.

It is very difficult to decide which of the two names, creto.sus or nitidus, has the

priority, since the exact dates of publication of the works of Cuvier and Mantell

cannot be determined at present. Mantell's preface is dated May 1st, 1822,

and the work was received l)y the Geological Society before the end of June of

that year. Mr. C. I). Sherljorn informs me that the work of Cuvier was noticed as

' I have had the o]jport.iiuity of stud_)iuy over 200 oxani[)les.

- Dr. Blackmore, who has made a very large collectiou of P. crdosm, has iiidi'iieiidently come to

the same conclusion—that all are forms of one species.
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published in the ' BibliogTa|)hie de la Franco ' for June 8th, 18'J2, and he is inclined

to think that it a})])eared somewhat earlier than Mantell's book.

AffinUics.—1\ undulatiis, Nilsson,^ and P. serratas,^ Nilsson, are very closely

allied to P. crcfusus, but the examination of a large series of specimens could alone

enable us to determine their exact relationships.

Types.—The types of P. nitidus (from Lewes and Brighton) cannot be found,

but the s})ecimen from Gravesend figured by Sowerby is in the British Museum.

The types of F. cretosns and 1\ (iraclinoides came from the Upper Senonian of

Meudon. I have not seen the types, but specimens from the same locality are in the

Wiltshire Collection, and another has been sent to me by M. A. de Grossouvre.

Didrih'ution.—R. Cuvieii zone of Dover. T. gracilis zone of the Dorset coast and

Dover. //. planus zone of the Sussex coast and Dover. M. cor-testudinarium zone of

the Sussex coast, Dover, Purley, and Hitchin. M. cor-angninum zone of the Dorset

coast, Winchester, Porton (Salisbury), the Sussex coast, St. Mai-garet's, Thanet,

Northfieet, Purley, Haling Pit (South Croydon), Bromley. Marsupites zone of

the Dorset coast, Winchester, Witherington, the Sussex coast, and Thanet. A,

quadratus zone of the Dorset coast, Winchester, East Harnham (Salisbury), and

the Sussex coast. B. mucronata zone of the Dorset coast. Clarendon and Alderbury

(Salisbury), and Norwich. Chalk of Trimingham.

Pkcten (CiiLAMYs) Mantelljanus, d' Orblgiu/ , 184-7. Plate XXXIV, tigs, ia,!',

2, 3 a—c, -1—G.

1833. Pecten concentkictjs, 8. Woodward. Geo!. Norfolk, p. 48, pi. v, fi<^s.

27, 28.

1847. — Mantelliantjs, A. d'Orhhjiuj. Pal. Frauc. Terr. Crc't., vol. iii,

p. 619, pi. ccccxl, figs. 8-11.

1850. — _ _ Prodr. dePal., vol. ii, p. 2.51.

1854. — coNCENTiiicus, /. Morris. Cat. Brit. Foss., ed. 2, p. 176.

1870. — Mantellianus, F. J. Pidet and G. Campiche. Foss. Terr. Gi\-t.

Ste. Croix (Mater. Pal. Suisse, ser. 5), p. 215.

1 ' Pelrif. Suecaua ' (1827), p. 21, pi. ix, fig. 10 ; Holzapfel, " Mollusk. Aachen. Kreide " (' Palseon-

tographica,' vol. xxxv, 1889), p. 235, pi. xxvi, figs. 1, 2 ; Hennig, Revision af Lamell. i Nilsson's

' Petrif. Suecaua ' (1897), p. 48, pi. iii, figs. 9—11 ; Strombeck, ' Zeitsclir. d. deutscb. geol. Gesellscli.,'

vol. XV (1863), p. 154; Schroder, ibid., vol. xxxiv (1882), p. 266.

2 Op. cit. (1827), p. 20, pi. ix, fig. 9 ; Holzapfel, op. cit. (1889), p. 236, pi. xxvi, fig. 16 ; Heuuig,

op. cit. (1897), p. 50, pi. iii, fig. 15 ; Stolley, ' Die Kreide Schleswig-Holsteius ' (1892), p. 238 ; Ravn,

'Mollusk. i Danmarks Kridtafl.' (1902), p. 89.
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1871. Pecten Mantellianus (= concentricus), F. Stoliczka. Palseont. Iiidica,

Cret. Fauna S. India,

vol. iii, p. 428.

1879. -— cf. CONCENTRICUS, C. Bavrois. Ann. Soc. gcol. dvi Nord, vol. vi,

p. 452, pi. xii, fig. 4.

1889. — Ma-ni-eIj-li, E. Hohapfel. Die Mollusk. Aachen. Kreide (Palseonto-

graphica, vol. xxxv), p. 235, pi. xxvi, fig. 6.

1892. — (Chlamys) Mantellianus, E. Stolley. Die Kreide Sdileswig-

Holsteins (Mittheil. Min. Inst.

Kiel, vol. i), p. 237.

Non 1822. — concentricus, T. Say. Journ. Acad. Nat. Sci. Philadelphia, vol.

ii, pt. 2, p. 259.

— 1825. — — Befrance. Diet. Sci. uat., vol. xxxviii, p. 253.

— 1837. — — F. C.L. Koch and W. Bunker. Beitr nord-deutsch.

Oolithgeb., p. 43, pi. v, fig. 8.

Description.—Shell rather small, thin, ovate, dorsal third pointed ; inequilateral,

higher than long ;
postero-dorsal margin straight or slightly convex, and longer

than the antero-dorsal, which is straight or slightly concave. Apical angle from

86° to 90°. Ears moderately large, rather high, unequal.

Right valve flat, with several (usually from three to five) strong growth-ridges

separated by considerable intervals, and fine radial and concentric ornament, which

is often indistinct or absent on the later parts of the valve. Radial ornament con-

sists of about eleven very slightly elevated ridges or folds, which become indistinct

ventrally; on the summits of the ridges there are usually two fine linear ribs, and

others (two or three) of the same kind in the shallow furrows ; near the anterior

and posterior margins the radial ridges are replaced by ribs. Concentric ornament

consists of fine, close-set, regular, linear ridges, which bear minute pointed granules

where they cross the radial ribs. Anterior ear considerably larger than the

posterior, and slightly produced dorsally, with a distinct, but not deep, sinus

;

surface with growth-lines, which become sinuous near the valve—above the

sinuous part there are faintly marked radial ribs. Posterior ear with an outer

angle of about 90°, and with well-marked growth-lines.

Left valve convex, with several strong growth-ridges at intervals. Ornamenta-

tion consists of seventeen or eighteen main ribs, which are narrow and but little

raised ; they are separated by broad, wery shallow furrows. In the middle of each

furrow is a similar but smaller rib, which, near the ventral border, sometimes be-

comes almost as large as the main rib. At some distance from the umbo other

smaller linear ribs (two to five) are introduced. In some cases all the radial ribs

become indistinct near the ventral border, where the shell is then smooth, except for

concentric ornament. The concentric ornament consists of regularly-placed, fine,

linear riljs, which arc moi'o widely spaced near the umbo than elsewhere, and form
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a pointed granule wliere tlie}^ cross the radial ril)s ; near the ventral border the ribs

are often very closely placed. Ears triangular, with a few growth-lines ; the

anterior Avitli granular ribs and nearly rectangular outer angle, the postei'ior snialler

and with obtuse outer angle.

Measurements

:

(1) (2) (3) (4) (5) (6) (7) (8)

Length . 39 . 38 . 33 . 32 . 30 . 28 ., 20 . 20 mm.
Height . 45 ,. 44 . 37 . 35 . 35 . 31 . 31 ., 23 „

(1--8) B. mucronatu zone, uear Norwicli.

Affinities.—In form, and in the possession of similar radial and concentric

ornamentation, this species resembles some of the varieties of P. cretosus, but is

easily distinguishable by the stronger radial ridges, etc.

liemarhs.—The differences in the appearance of the ornamentation in this

species seem to depend mainly on the state of preservation ; in some cases the

right valve is almost smooth. Frequently in the larger specimens the later part of

the valve is almost without ornament. By far the larger number of specimens

which I have seen were obtained from the neighbourhood of Norwich, where

it is a characteristic fossil.

2'v/jj(^—The type of P. concentricus, Woodward, came from the CHialk of

Norwich, but cannot now be found. The types of 1'. Maiitclliau.us, d'Orbigny,

came from the Senonian of Chavot (Marne).

JJistrihiition.—M. cor-angainum zone of South Croydon (Haling Pit).

/). miinviKitti zone of Clarendon (near Salisbury), of Hartford Bridge and various

other localities near Norwich. Upper Chalk of Sussex.

Peoten (Ciilamys) R()]UNAldinus, iVOrbiijnij, 1847. Plate XXXIV, figs. 7 a,t),

Qu,h, \)a,h, \{),(,h, 11,

\2a—c- Plate XXXV,
figs. 1—10.

18-t-J. PiiCTKN iNTEKSTiuATUS, .1. Leymcrlf. MJm. Sjc. gcol. de Fnmcc, vol. v,

p. 10, pi. xiii, fiy. 1 (uuu iiiter-

stnafus, Miiusttr).

1845. — OBLiQUUS, E. Fiirhes. Quart. .Journ. Greol. Soc, vol. i, p. 249 (uou

obliiiuiis, Sowerby).

1847. — KoBiNALDiNUS, A. cVOrhiijiiij. Pal. Fran^. Terr. Cn't., vol. iii,

p. 587, pi. ccccxxxi, figs. 1—4.

? — — INTEUSTRIATUS, cVOrh I
(J

1/1/ . Ibid., p. 51)1, pi. ccccxxxiii, figs. 1—5.

185n. — APTiENsis, A. iVOrU'jiuj. Prodi-, do Pal., vol. ii, p. IIP.
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1852. Pecten aptiensis, F. J. Plctet and W. Uoux. Moll. Foss. Grcs verts de

Geneve, p. 511, pi. xlvi, fig. 3.

1854. —• INTEESTEIATUS, /. Movris. Cat. Brit. Foss., ed. 2, p. 170.

18G1. — EoBiNALDiNUs, P. de Loriol. Anim. Invert. Foss. Mt. Saleve,

p. 101, pi. xii, figs. 9, 10.

— — Bareetti, H. G. SeeJey. Ann. Mag. Nat. Hist., ser. 3, vol. vii,

p. 118, pi. vi, fig. 1.

1869. — RoBiNALDiNUs, P. de Loriol and V. GiUv'ron. Urgon. Inf. de

Landerou (Mem. Soc. lielvet. Sci.

uat., vol. xxiii), \). 22.

1870. — — F.J. Pldet and G. Campiche. Foss. Terr. Crct.

Ste. Croix (Matt'r. Pal. Suisse, ser. 5),

p. 188, pi. clxx, figs 1-5.

1877. — APTIENSIS, A. J. JuJces-Browne. Quart. Journ. Geol. Soc, vol. xxxiii,

p. 500.

y — — Baeeetti, Juices-Browne. Ibid., ]>. 500.

'? 1883. — DuTEMPLEi, W. Keeiring. Foss., etc., Neoc. Upware and Brickliill,

p. 105.

188-4. — EoBiNALDiNUs, 0. Weerth. Die Fauna des Neoconi. ini Teutoburg.

Walde (Palacont. Abhandl., vol. ii),

p. 53.

1895. — — G. Maas. Zeitsclir. d. deutscli. geol. Gescllseli.,

vol. xlvii, 2). 269.

1896. — — A. WoUemann. Ibid., vol. xlviii, p. 840.

— — Galliennei, Passyx, et subinterstkiatus, A. J. Jukes-Broivne and

W. Hill. Quart. Journ. Geol.

Soc, vol. lii, p. 150.

1900. — EOBINALDINUS,^. IVollemann. Die Biv. u. Gastrop. d. deutsch. u.

lioUiind. Neocoms (Abhandl. d.

k. preussiscb. geol. Land., N. F.,

pt. 31), p. 47.

p 1900. — cf. EOBINALDINUS, G. Milller. In W. Bornbardt, Zur Oberflacben

u. Geol. Deutsch-Afrikas (Deutscli-

Ost-Afrika, vol. vii), p. 551.

BcscriiMon.—Shell ovoid, pointed dorsally, liiglier tliaii long, slightly inequi-

lateral, of moderate convexity. Ai)ical angle from 80" to 85°. Ears rather large,

unequal.

Right valve ornamented Avith numerous narrow, slightly raised ribs, which are

sometimes wavy, and are separated by flattened spaces, often of greater width than

the ribs. The ribs bear numerous small, scaly spines, which are placed transversely

and are generally close together, but sometimes more widely and regularly sepa-

rated. Spaces between the ribs covered by numerous striae, which in the middle

of the valve are more or less parallel with the ribs, but become more and more

oblicjue in passing towards the anterior and posterior borders. Anterior ear large,

with a large sinus, well-marked growth-lines, and faint radial ribs. Posterior ear
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raucli smaller, triangular, outer angle obtuse, marked with radial strife like tliose

on the valve.

Left valve rather more convex, ornamented with similar but fewer ribs, bearing-

scaly spines which are often placed at fairly regular intervals. Interspaces with

strice as on the right valve. Ribs generally of nearly uniform size ; but in some

cases smaller ribs are intercalated at some distance from the umbo, so that alternat-

ing larger and smaller ribs are clearly seen. Narrow concentric ridges, placed at

regular intervals, are sometimes present near the umbo. Anterior ear large, with a

few radial ribs—usually near the valve only, leaving the upper part smooth; ribs

crossed by oblicpie strige. Posterior ear small, with outer angle obtuse, and marked

with striae.

Bemarlis.—This species varies greatly ; the number of ribs on the left valve

ranges from 35 to 57, and consequently the width of the interspaces also varies.

Sometimes smaller ribs are intercalated between some of the others. The spines

on the ribs may be close together and numerous, or fewer and more widely sepa-

rated, Jind sometimes they have a fairly distinct concentric arrangement ; in some

cases the ribs on part of a valve, or on almost the entire surface, are without

spines. Such smooth or nearly smooth forms occur in the Hythe Beds of Hythe,

the Chloritic Marl of Maiden Bradley, the Rye Hill Sand of Warminster, the

Cenomanian (Bed 12) of Beer Head, etc. The sharpness of the spines varies in

different specimens, and is partly dependent on the nature of the enclosing rock.

Some examples from Faringdon and also some from the Upper Grreensand

(PI. XXXV, fig. 3) have ribs over the wdiole of the anterior left ear, and the

ribs on the valve are numerous with the spines irregularly placed; I have not

sufficient specimens to determine Avhether these are distinct from the other forms,

or merely a variety. Some forms (PI. XXXV, fig. 1) with few and strong ribs,

and well-developed scales, also appear at first sight to be distinct, but it is difficult

to draw a line between them and the normal form.^ A much larger series of

specimens is required to determine whether these forms are really distinct, or

merely varieties.

Mr. Jukes-Browne now agrees with me in regarding the foi-nis which he named

' A form similar to this, but having more numerous ribs and with the spines usually more

pointed and erect, obtained from the Cenomanian Sandstone of Wilmington, etc. (PI. XXXV,
fig. 10) has been referred by Jukes-Browne to P. hispidus, Goldfuss. The state of preservation of the

specimens is not sufficiently good to enable me to decide as to their affinities, but I am inclined to

regard them as constituting only a variety of P. EobinaJdinus. In some examples of the latter the

spines are almost, if not quite, as large as in the former. They agree better with the figures of

Geinitz than of Goldfuss, but the ribbing ajipears to vary considerably. Goldfuss, ' Petref. Germ.,'

vol. ii (1833), p. 59, pi. xciv, fig. 4; Pictet and Campiche, ' Foss. Terr. Cret. Ste. Croix' (1870),

p. 21-5; Geinitz, 'Das Elbthalgeb. in Sachsen ' (' Palseontographica,' vol. xx, pt. 1, 1872), p. 197,

pi. xliv, figs. 9, 10 ; Jukes-Browne, ' Cret. Eocks of Britain.' vol. i (1900), p. 452.
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(in 1897, see sjnoiivmy) nollicvnci, Pasi<yi, and sahintcrsfriatiis as identical witli

P. B.ohinnldinns.

The larger nnmber of the specimens seen were obtained from the Fcrna-heiX of

Atherfield, the Rye Hill Sand of Warminster, the Chloritic Marl of Maiden Bradley,

and the Cenomanian of the Devon coast.

Affinities.—This species is closely related to (and prol)al)ly identical with)

several forms described by d'Orbigny, d'Archiac, etc.

Peden Passyi, d'Archiac,^ from the Tourtia (Cenomanian) of Tonrna}', varies

considerably, bnt is perhaps distinguished from P. Rohlnaldinus by the smaller

intercalated ribs being more numerous and more distinct ; jn some cases (as in the

type specimen) spines are absent from most of the ribs, but in other examples

from Tournay, which I have seen, they are as numerous as in most specimens of

P. Bohinaldinus.

P. suhlnterstriatus, d'Archiac," from the same horizon, appears to differ only in

having very numerous ribs.

P. Diitemplei, d'Orbigny,^ from the Gault, seems to l)e indistinguishable from

P. Eohinaldinus, except perhaps (as suggested by Pictet and Campiche) by the

occurrence in P. Butemplei of about fifteen ribs distributed over the whole surface

of the anterior left ear, Avhereas (according to the same writers) in P. Boh in aid 171 n,s

seven or eight ribs only occur, and are confined to the lower part of the ear. But

it is doubtful whether these characters are constant : in Leymerie's figure the ribs

seem to be distributed over the whole ear; while in d'Orbigny 's figure of P. Bohinal-

dinus the ribs, although only six in number, are also distributed over the entire ear.

P. GaUiemici, d'Orbigny,'* is probably only a variety with rather fewer ribs on

the valve, and with four or five ribs distributed over the anterior left ear. It is

recorded by Pictet and Campiche from the Upper Greensand of Ventnor.

P. rJiotomagenis, d'Orbigny,'" from the Cenomanian of Rouen, is another similar

form with numerous ribs.

P. Oosteri, de Loriol,*^ is likewise closely related to P. Bohinaldinus.

The form figured by d'Orbigny as P. intersfriatus, Leymerie, is probably only a

variety, but it possesses fewer i-ibs than any English form which I have seen. It

approaches, however, some examples found in the Upper Grreensand.

The name aptiensis was proposed by d'Orbigny (1850) for the intcrstriatus of

1 ' Mem. Soc. geol. de France,' ser. 2, vol. ii (1847), p. 309, pi. xv, fi<?. 9.

2 Ibid., p. 311, pi. XV, fig. 10.

5 'Pal. Fran?. Terr. Cret.,' vol. iii (1847), p. 596, pi. ccccxxxiii, figs. 10—13.

4 Ibid., p. 608, pi. ccccxxxvi, fi-s, 5—8.
> Ibid., p. 609, pi. ccccxxxvi, figs. 9—11.
c ' Anim. Invert. Foss. Mt. Salove ' (1861), p. 102, \y\. xiii, figs. 4—8; dc Loriol and Grillii'roii^

' Urgon. infer, de Landeron ' (1869), p. 23, pi. i, fig. 18 ; F. J. Pictet and G. Cami)iche, ' Foss. Terr.

Cret. Stc. Croix' (' Mater. Pal. Suisse,' ser. 5, 1870), y. 192, pi. clxx, fig. 6.
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Leymerie {noii Minister) ; but Rohiitahlinvs, which is one of the forms of this species

witli fewer and coarser ribs, has the priority. P. aptirusis is phiced l)y I*ictet niid

Campiche as a synonym of both P. BohinalJinus and P. Dutemjjlei.

Morris regarded P. Dutem,plei and P. GaUiennei as synonyms of intei-dnafiis,

Leymerie, and included in it both Upper and Lower Grreensand forms.

P. Bnrretti, Seeley, from tlie Cambridge Grreensand, is founded on a worn

specimen, but is probably identical Avith P. Uohiwihlinm, unless the numerous riljs

on the anterior left ear be regarded as a distinguishing character.

Types.—The type of P. interstriatus, Leymerie, came from Les Croutes, Aube.

D'Orbigny's specimens of P. Bohinaldinns were obtained from the Neocomian of

St. Sauveur, etc.

Distribution.—Perna-hed of Atherfield and East Shalford. Atherfield Beds of

Sevenoaks. Hythe Beds of Hythe and Lympne. Lower Greensand of Faringdon,

and perhaps Upware. Ferruginous Sands of Shanklin.

Chloritic Marl of Maiden Bradley. Upper Greensand of Ventnor. Eye Hill

Sand of Warminster. Chalk Marl, zone of A. Mantelli (Meyer's Beds 11 and 12)

of Dunscorabe, and Bed 11 of Beer Head.

Pecten (Chlamys) Stutciiburianus, Sowerhy, 18:36. Plate XXXV, fig. 11.

1836. Pecten Stutchburiensis, J. de C. Sowerhy. Trans. Geol. Soc, ser. 2, vol.

iv, p. 342, pi. xviii, fig. 1.

— — Stutchburianus, Soiverby. Ibid., p. 360.

1854. - — J.Morris. Cat. Brit. Foss., ed. 2, p. 177.

Description.—Shell large, ovate, higher than long, flattened, convexity small.

Ornamented with numerous slightly-raised i-ibs, which on the greater part of the

valve are alternately broad and very narrow, and are separated by narrow grooves ;

but towards the margin the alternation of ribs may be less distinctly marked, and

the interspaces broader with indications of oblique striae : the larger ribs have

flattened or rounded summits, and are ornamented with transversely-placed scales.

Umbones pointed ; apical angle rather small (about 85°) ; ears high, not very dis-

tinctly separated from the rest of the valve.

Measurements (approximate) :

(1) (2) (3) (4)

Length . 90 . 79 . 50 . 58 mm.

Height . 112 . 90 . 67 . 68 „

(1—3) Haldou, (4) Blackdowu.

Affinities.—No definite opinion can be given as to the afiinities of this form,

24



186 CRETACEOUS LAMELLTBRANCHIA.

since only imperfectly preserved specimens liave been seen. The oliliqne striae,

and the scales on the ribs, however, seem to connect it with /'. liohiudldinus, Init it

appears to be distinguished by the regular alternation of large and small ribs, and

by its greater size. P. Stutchburianus presents some resemblance to one of the

specimens from the Tourtia figured by d'Archiac ^ as /'. acuminatus, Geinitz, but

differs in the ribs being closer together and alternating in size.

Bmnarhs.—The examples from Haldon differ from the type in having the scales

on the ribs indistinct, but this difference is probably due to imperfect preservation.

Type.—Blackdown Greensand ; in the Bi-istol Museum.

Distribution.—Greensand of Haldon and Blackdown.

Section ^quipecten, P. Fischer,^ 1886.

(' Manuel de Couch.,' p. 944.)

Pecten (tEquipecten) asper, Lamarcl; 1819. Plate XXXV, fig. 12; Plate

XXXVI, figs. la,h, 2, 3,4.

1770. M. Lister. Conch., pi. cccclxx, fig. 28.

1813. OsTREA MUBiCATA, /. Townseiul. The Character of Moses established for

Veracity as a Historian, vol. i, pi. i,

fig- 2.

1819. Pecten asper, Lamarck. Auim. sans Vert., vol. vi, p. 180.

1820. Pectinites asper, E. T. v. Schlothenn. Die Petrefactenkunde, p. 226.

1822. Pecten asper, /. de C. Sowerby. Miu. Conch., vol. iv, p. 95, pi. ccclxx,

%. 1.

— — — A. Bronrjniart. Descr. geol. Envir. de Paris (in Cuvier's

Oss. Foss., vol. ii), pp. 320, 603, pi. v,

fig. 1.

182o. — — Defranre. Diet. Sciences nat., vol. x.Kxviii, p. 261.

1832. — — G. P. Deshayes. Encyc. Moth. Vers, vol. iii, p. 728.

1833. — ~ A. Gohlfms. Petref. Germ., vol. ii, p. 58, pi. xciv, fig. 1.

1836. — — G. P. DesJiaycif and H. Milne Edwards. Ed. 2 of Lamarck's

Auim. sans Vert., vol. vii, p. 157.

1837. — — F. Dujardin. Mem. Soc. gcol. de France, ser. 2, vol. ii,

p. 228.

? — — — var. POLONicA, G. G. Pusck. Polens Palaeont., p. 41, jjI. v,

fig. 7.

1839. — — H. B. Geinitz. Char. d. Schicht. u. Petref. des sjichs.

Kreidegeb., pt. 1, p. 23.

1 ' Mem. Soc. geol. de France,' ser. 2, vol. ii (1847), pi. xvi, fig. 3 (on the left-hand side, not the

other fig. 3).

^ I follow Dall in regarding JEnuipecfrn as only a section of Chlamys. See ' Trans. Wagner
Free Instit. Science of Pliiladcliihia,' vol. iii (1H;»8). p. 695.
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1841. Pkcten ASPER, F. A. Elimer. Die Verstcin. d. uord-deutsch. Kreidcgeb.,

p. 53.

1840. — — H. B. Geinitz. Grundriss del- Versteiu., p. 4()9.

— — — A. E. Beiisff. Die Verstein. der bohm. Kreidefonnat., pt. 2,

p 'SO, pi. xl, fig. 1.

1847. — — A. d'Orhlijnij. Pal. Frauf. Terr. Cre't., vol. iii, p. 599,

1)1. ccccxxxiv, figs. 1 —6.

1850. — — H. B. Geinitz. Das Quadersandst. oder Kreidcgeb. in

Deutscliland, p. 184.

— — — A. d'Orhigny. Prodr. de Pal., vol. ii, p. 168.

1852. — — E. Kiier. Denkschr. d. k. Akad. d. Wisseusidi., Matli.-uat.

CL, vol. iii, p. 317, pi. xvii, fig. 6.

1854. — — J. Morris. Cat. Brit. Foss., ed. 2, p. 175.

1855. — — G. Cotteau. Moll. Foss. de I'Yonue, p. 116.

1863. — — A. Kunth. Zeitschr. d. deutscb. geol. Gesellsch., vol. xv,

p. 724.

1870. — — F. J. Fidel and G. Campirhe. Foss. Terr. Cret. Ste. Croix

(Mater. Pal. Suisse, ser. 6), pp. 208, 213.

1871. — (Chlamys) aspek, F. Stoliczka. Palseout. Indica, Cret. Fauna S.

India, vol. iii, jd. 428.

1872. — ASPER, H. B. Geinitz. Das Elbthalgeb. in Sachsen (Palseonto-

grapliica, vol. xx, pt. 1), p. 198.

1876. — — H. Beiclcc. Die Tourtia von Miilheini a. d. Ruhr, p. 26.

1878. Ciir.AMYS ASPER, E. Baijle. Ex[ilic. de la Carte geol. de France, vol. iv,

pt. 1 (Atlas), pi. cxxii, fig. 1.

1893. Peoten ASPER, E. MichaeJ. Zeitschr. d. deutsch. geol. Gesellsch., vol.

xlv, p. 234.

Nonl830. — — Hart {Mti d'Orlji<i,n/).

— 1852. — — L. Eeeve. Couch. Icon., vol. viii, pi. ii, fig. 10.

Bescript'ion.— Shell usually rather large, nearly circular, equilateral, almost

ecjiiivalve ; antero- and ])ostero-dorsal margins of equal length, straight or slightly

concave. Valves moderately convex—right valve a little more convex than the

left. Length equal to, or slightly greater than, height. Umljones sharp. A])ical

angle about 105". Ears moderately large, unequal.

Surface of both valves ornamented with about seventeen main ribs, which are

angular and elevated ; near the anterior and posterior borders they are sometimes

rather smaller than elsoAvhere ; on the ribs are numerous sharp, hollow, ventrally

directed spines. Near the umbo only these main ribs occur, but at a little dis-

tance from it another similar but smaller rib, with similar spines, is introduced

on each side of the main rib ; and later other ribs usually appear successively

—often one or two, but sometimes three or more on each side of the main rib.

These lateral ribs are not always of equal size, and not always placed at cfpial

distances from one another. The antero- and })Ostero-dorsal mai-gins of the valves
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are bent nearly perpendicularly to the plane between the valves, and this narrow,

bent portion is ornamented with close-set grooves only, placed nearly per-

pendicularly to the line between the valves.

Ears ornamented with radial spiny ribs. Posterior ears triangular; anterior

ears larger—the right with a Avell-marked sinus.

Measurements :

(1) (2) (8) (1) (5)

Length . . 76 71 67 C)7 65

Height . . 74 71 C>(j 65 (Hi

(1) From the Ceuomaniau of Wiliningtou.

(2—10) From Wiinniuster.

Affinities.—See P. ])exatus (p. 190).

Bemarhs.—The number of lateral ribs varies to some extent, and in a few cases

only one is found on each side of the main ribs throughout their length.

This species is abundant in the Upper Greensand of the south of England,

especially at Warminster. It occurs less commonly in the Chloritic Marl, but is

aljundant in the Cenomanian of Devon.'

Type.—From the Cenomanian of Ferte Bernard (Sarthe). The specimen

figured by Sowerby, from the Upper Greensand of Horningham near Frome, is

in the British Museum.

Distribution.—Higher part of the Upper Greensand of Melcombe Bingham,

Ballard Down, Ventnor, Savernake, Maiden Bradley, and Warminster. Rye Hill

Sand of Maiden Bradley, Rye Hill, and Warminster. Chloritic Marl of Maiden

Bradley and the Isle of Wight. Cenomanian (Meyer's Beds 11 and 12) of the

Devon coast and of Wilmino-ton.

Pegten (Jj^QUiPECTiiN) Beaveki, tioivevhii, 1817. Plate XXXVlll.

1817. Pecten Beavehi, J. Sowcrhy. Miu. Couch., vol. ii, p. 131, pi. clviii.

1822. - — G. Mantell. Foss. S. Dowus, p. 127, pi. xxv, fig. 11.

1825. — — Defrance. Diet. Sci. nat., vol. xxxviii, p. 264.

? 1833. — — A. Gold/uss. Petref. Germ., vol. ii, p. 54, pi. xcii, fig. 5.

— — DEPRESsus, Goldfiiss. Ibid., p. 53, pi. xcii, fig. 4.

1837. — Beaveri, H. G. Bronn. Lethsea Geog., p. Q77, pi. xxx, fig. 19

(ed. .3, vol. ii,pt. 5, p. 273).

1 Pecten compositus, Sowerby (' Traus. Geol. See,' ser. 2, vol. iv, 1836, p. 342, pi. xvii, fig. 20),

I'roni Blackdowu, is probably a Lima related to L. cenomanensis, d'Orbigny. The type is in the

Bristol Museum.
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1841. Pkcten Beaveri, i'^ A. R'niner. Die VL-rsteiu. d. nord-deutsch. Kreidegeb.,

p. 54.

1850. — ? Beaveri, ^. fZ'0/7%H(/. Prodr. de Pal., vol. ii, p. Kiy.

— — jUGOsus, /. de C. Sowerhy, in F. Dixon. Geol. Sussex, p. 347 (p.

382, ed. 2), pi. xxviii, fig. 26.

1854. — Beaveri, /. Morris. Cat. Brit. Foss., ed. 2, p. 175.

1863. — — A. V. StrombecJc. Zeitschr. d. deutscli. geol. Gesellsch.,

vol. XV, p. 108.

1870. — — F. J. Pictet and G. Campiclie. Foss. Terr. Crct. Ste. Croix

(Mater. Pal. Suisse, ser. 5), pp. 214, 218.

1871. — — F. Stoliczka. Palaeont. Indica, Cret. Fauna S. India,

vol. iii, p. 428.

DescrijAloii.—Shell large, tliin, oval or nearly circular; height usually slightly

greater than length ; margins evenly rounded except at the junction with the

ears. Valves compressed, nearly equal, slightly inequilateral. A})ical angle large,

from 118° to 125°. Ears long, low, a little unequal.

Right valve with broad radial ribs, which have sharp and sometimes slightly

irregular summits and gently sloping sides ; there are also similar smaller ribs,

which do not reach the umbo. The ribs are smaller anteriorly and posteriorly.

The surface of the valve is ornamented with fine, close-set, concentric, linear

ridges, and sometimes with radial ridges. Anterior ear with a well-marked sinus,

ornamented with scaly ribs except near its junction with the valve. Posterior

ear smaller, outer angle nearly a right angle ; surface with libs, sometimes ol)scured

by concentric lamellse.

Left valve with about seventeen main ribs, which are narrow, elevated, and

sharp, sometimes slightly serrate at the summits ; separated by broad furrows. A
smaller I'ilj is often introduced in the middle of the furrow at a distance from the

umbo, and on the sides of the ribs other still smaller ribs may occur. Anteriorly

and })osteriorly the main libs become smaller. The ribs and furrows are crossed

by many fine, close-set, regular, concentric ridges, which are seen most distinctly

in the furrows. Anterior ear a little more elevated than the posterior ; both with

radial ribs and sharp outer angles.

. 88

(1, 2) Chalk Marl, Folkestone.

(3) „ „ Meldreth.

(4, 5) Totternhoe Stone, Burwell.

(6) H. suhglohosus zone, Cherry Hintou.

Ajjinitics.—r. (lepn'ssus, Goldfuss, seems to be scarcely distinguislial)le from

Beaveri. The specimen figured by Goldfuss as P. Beaveri does not show the

Measurements :

(1) (2)

Length . 81 ., 80

Height . 80 . 88

(i-^ (•"') I'i)

100 . 00 . 100 nuu.

100 . 98 . 109 „
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small ril:)S on the sides of tlie main ribs, and may perhaps l)e distinct, but this can

be determined only by an examination of specimens.

Types.—The type was obtained from Lower Chalk of Childrey, near Wantage,

and is said to be in the Oxford Mnsenm. The type of P. jiigosus is missing, and

the locality from which it was obtained is not given by SoAverby. Mantell's

fignred specimen, from the Chalk Marl of Hamsey, also appears to have been lost.

Distribution.—Upper Ganlt (zone x) of Folkestone. Red Limestone of

Hunstanton {fide Survey Memoirs). Chloritic Marl of Blackgang and Niton.

Chalk Marl of Ventnor, Folkestone, Meldreth, Hunstanton, Stoke Ferry, etc.

Totternhoe Stone of Cherry Hinton, Burwell, Dersingham, and Hunstanton.

H. subglobosus zone of Blue Bell Hill (Burham), Shelford, and Cherry Hinton.

Pecten (^^uipecten) pexatus, sp. nov. Plate XXXVI, figs. b(i,h, G, 7 ((,b.

? 1850. Pecten Dujardini, /. de C. Suwerbi/, iu F. Dixon. Geol. Sussex, p. 356,

pi. xxviii, fig. 4 (? locality).

1897. Chlamys ternata, H. Woods. Quart. Jouru. Gool. Soc, vol. liii, p. 382

(not the syuonyuiy).

Description.— Shell small, ovate or nearly circular, pointed dorsally, equi-

lateral, and almost equivalve ; of slight convexity. Length usually a little less

than height. Apical angle about 104°. Ears fairly large.

Both valves have radial folds, of slight elevation, and usually eleven in number.

The entire surface is ornamented with numerous narrow, elevated, and sharply

limited ribs, which are placed regularly, are of slightly unequal size, and bear many

short, hollow spines, which are generally directed ventrally, but are sometimes

nearly perpendicular. At the summit of each fold is a rib rather larger than the

others, and bearing longci' s|niies; other ribs occur on the sides of the folds, and

are introduced at different distances from the umbo, the latest rib being the

smallest. On each side of a fold, near the margin of the valve, there are generally

three, but sometimes more ribs.

Ears slightly unequal, ornamented Avith four or more radial spiny ribs, and Avitli

a row of spines at the dorsal edge ; byssal sinus moderately deep.

J

easurements :

(1) (2) (3) (4)

Length 24. 20 l()-0 11-0 mm.
Height 25 20-5 10-75 11-5 „

(1, o) If. planus zoijc, Clicveley.

(2) Upper Chalk, uear Salisbury.

(4) A. quadratus zone, East Haruham.
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Ajjinifit'^.—Tliis species resembles P. asper (see p. 186), but is much smaller,

less couvex, with fewer folds (or maiu I'ibs), aud, iu specimens of the saiuc

size, with more numerous aud more closely placed ribs.

When describing the Mollusca of the Chalk Rock (1807), I referred this species

to /'. ternatiis, Goldfuss, Avhich was founded on a cast from the Quader Sandstone

of Schandau (Saxony), and ajjpears to be the form usually known as P. Dujardini.

On farther examination this determination did not seem altogether satisfactory,

and I have recently, through the kindness of M. Raoul Fortin and M. A. de

Grossouvre, received specimens of P. Dujardini from France ; Professor Deicli-

miiller has also sent me casts of Geinitz' figured specimens. I am now able

to say that P. Dujardini differs from P. pexatus in having much stronger and more

distinctly separated folds, with less distinct ribs and spines, and in having closely-

placed concentric lamellae ; in specimens larger than those figured by d'Orbigny

the ventral margins of the valves are sharply bent. Two of the specimens figured

by Geinitz' (figs. 10, 11) may belong to P. pexatus, but they show the interior of

the valves only. I*. Dujardini appears to be more nearly related to P. septem-

pUcafns, Nilsson, than to F. pexatus.

Distribution.—Zone of T. gracilis of Hooken (Devon). Zone of H. planus of

Cheveley (Newmarket). Chalk Rock of Winchester and Clothall (Baldock).

TJintacrlnus zone of Devizes Road (Salisbury). Zone of A. quadratus of East

Harnham. Zone of B. mucronata of Clai'endon (Salisbury), and of Shute-end Pit,

Alderburv.

Pecten (^q,uipecten), sp. Plate XXXVI, figs. Ha,tK

Description.— Shell small, flattened, ornamented with from ten to thirteen

narrow, elevated ril^s, which are separated by broad, flat interspaces. Ribs Avith

hollow, curving spines, placed at regular and fairly distant intervals.

Beniarls.—This form, of Avhich I have seen three specimens oidy, appears to be

distinguished from P. asellus, Sowerby," by the spines on the ribs. It differs from

P. rarispimis, Reuss," in the absence of radial folds.

Distribution.—Chalk Rock of AVinchester. A. quadratus zone of East Harnham
(Salisbury) and near Winchester.

1 ' Das Elbthalgeb. in Sachsen' (1872), pt. 2, pi. x. figs. 10, 11.

2 J. de C. Sowerby, in F. Dixon, ' Geol. Sussex' (1850), p. 348 (p. S83, ed. 2), pi. xxviii, fig. 5.

The locality and horizon of P. aselhis are not given by Dixon, and the type cannot now be found. I

have seen no example which could be referred to this species.

3 'Die Verstein. der bohm. Kreideformat.' (1846), pt. 2, p. 31, pi. xxxix, fig. 15; Geiniiz. " Das

Elbthalgeb. in Sachsen" (' PaliBontographica,' 1872, vol. xx, jit. 2), p. 36, pi. x, fig. 13.
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Pkoten (^(iUirKOTEN) sAKiTMKNSis, sp. iiov. Plate XXXVII, figs. ], 2(1,1), :3.

Description.—Shell small, slightly inequilateral, height and length nearly equal,

outline rounded, convexity small. Apical angle 107° to 111°. Ears rather large.

Right valve ornamented with very numerous (fifty to sixty) narrow, well-

marked, radial ribs, which are separated by deep, narrow grooves. The ribs are

often slightly unequal, sometimes alternately, the smaller ribs being introduced

later than the larger. The ribs bear numerous small, similar, spiny scales, placed

either vertically or sloping, and sometimes having a roughly concentric arrangement

;

near the umbo concentric lamella occur. Postero-dorsal margin with fine oblique

striae. Anterior ear long, with a deep sinus and four radial ribs with spines.

Posterior ear much shorter, with three or four radial, spiny ribs.

Left valve not seen.

MeasuremenU :

(1) (2) (3) (4)

Length 8-5 7-0 (3 5*25 mm,

Height 8-0 6-75 G 5-0 „

(1—4) A. quadratus zoue, East Harnham, Salisbury.

Ajfjinities.—In form this species resembles P. campaniensis, but is easily

distinguished by the much larger number of ribs. The ornamentation resembles

that of P. pexatus, but the shell is without radial folds, the ribs are fewer, and the

apical angle larger. Radial folds occur on even the smallest specimens of

P. pexatus.

Types.—In Dr. Blackmore's collection.

Distrihution.—A. quadratus zone of East Harnham (Salisbury). /?. mncronafa

zone of Clarendon (Salisbury).

Pkgten (^QUirECTEN) CAMrANiENSis, irOrbir/uy, 18 1<7. Plate XXXVII, figs. 4—8.

1847. Pecten campaniensis, A. d'Orliuj/iy. Pal. Fran^. Terr. Crct., vol. iii, p.

620, pi. ccccxl, figs. 12—16.

18.50. — — — Prodr. de Pal., vol. ii, p. 251.

1870. — — F. J. Pidet and G. Campiche. Poss. Terr. Cret. Ste.

Croix (Mater. Pal. Suisse, ser. 5), p. 215.

1887. — — A. Peron. Hist. Terr. Craie S.E. du Bassin Anglo-

Parisien (Bull. Soc. Sci. hist, et nat.

de rYoniie, ser. 3, vol. xii), p. 163.

1889. — -^ 0. Gricpetikerl. Senon von Kiinigslutter (Palaeont.

Abliaudl., vol. iv), p. 44,
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Bescrtption.— Shell small, nearly equilateral, nearly circular, length equal to, or

slightly greater than the height. Antero- and postero-dorsal margins straightened.

Convexity small. Apical angle about 106°. Ears moderately large, unequal.

Right vah'e with about twenty-four strong, rounded riljs at the margin, some

of which may l)e formed by bifurcation at some distance from the umbo. The ribs

may be all of nearly equal size, or those formed l)y bifurcation may be somewhat

smaller and closer together. Grooves l^etween the ribs are deep, but rather narrower

than the ribs. Both grooves and ribs are crossed by concentric lamellar ridges,

which are especially distinct near the umbo, and may be absent or indistinct

ventrally; these ridges are continuous, and placed at regular intervals. Anterior

ear long, with a deep sinus, and tAvo or three serrate ribs radiating from its apex

and crossed by fine concentric ridges. Posterior ear smaller, triangular, nearly

smooth.

Left valve with similar ornamentation, but rather narrower libs, some of which

do not reach the neighbourhood of the umbo. Anterior ear rather long, with three

or four well-marked radial ribs crossed by concentric ridges. Posterior ear

smaller, with rather less distinct radial i-ibs and concentric ridges.

Measurements :

(1) (2) (3) (4) (5) (6)

Length . Wo . O'O .7.7 . G . 5-0 mm.

Height . 11-0 . 8-75 . 7 . 6-75 . G . 475 „

(1, 2) B. mucrnnata zone, Norwich.

(3, 6) „ „ Clareudon, Salisbury.

(4) TJintacrhms zone, Devizes Eoad, Salisbury.

(5) A. quadratus zone, East Harnham, Salisbury.

Affinities.—This species resembles both P. acnte-pJicatits, Alth,^ and P. leopo-

liensis, Alth," but is distinguished from both by its more numerous ribs, the

narrower furrows, and concentric ridges.

Bemarls.—This appears to be a rather rare species ; I have seen only about a

dozen specimens.

7'//2)''.—From the Senonian of Chavot (Marue).

Distrlhutiou.— TJintacrinns zone of Devizes Road, one mile west of Salisbury.

Marsupltes zone near Winchester. A. quadratus zone of East Harnham near

Salisbury, and Winchester. B. mucronata zone of Clarendon near Salisbury, and

of Norwich. Upper Chalk of Guildford. Chalk of Trimingham.

1 Haidiuger's ' Naturwiss. Abhand.,' vol. iii, pt. 2 (1850), p. 248, pi. xii, fig. 34; Favre, 'Moll.

Foss. Craie de Lemberg' (1869), p. 148, pi. xiii, figs. 3, 4.

' Op. cit,, p. 247, pi. xii, fig. 33; Favre, op. cit., p. 149, pi. xiii, fig. 5.
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Pecten (^quipecten) arlesiensis, sp. nov. Plate XXXVII, figs. 9—11.

Description.—Shell small, nearly circular, pointed dorsallj, height and length

nearly equal ; nearly equilateral ; convexity moderate. Apical angle about 103°.

Ears very miequal.

Right valve with fifteen or sixteen strong, rounded, radial ribs, which are

undivided, and of nearly equal size, but somcAvhat smaller anteriorly and poste-

riorly. Ribs separated by strong, rounded grooves, a little narrower than the

ribs. Fine, regularly-placed, concentric ridges cross both ribs and grooves, and

are best marked near the umbo ; on the ribs they develop into rather prominent,

projecting scales. Near the posterior border of the valve the grooves are marked

obliquely by closely set striae. Anterior ear very long, with a deep sinus, and two

or three radial ribs bearing scales or tubercles. Posterior ear much shorter, the

outer angle approximately rectangular.

Left valve with similar ornamentation, l)ut the ribs rather narrower and the

scales somewhat more widely separated.

Measurements :

(1)

Length . 22

Height . 28 .

(1, .3, 4) Totterulioe Stone, Arlesey.

(2) Chalk Marl, Folkestone.

Affinities.— This species resembles the form referred l)y Geinitz (from the

Turonian), and by Fritsch, to P. pulcheUns, Nilsson (see p. 19G), but it differs in

having fewer and more widely separated ribs. These characters, as well as the

scales on the ribs, also separate P. arlesiensis from P. campaniensis, d'Orbigny.

Types.—From the Chalk Marl of Folkestone.

Distribution.—Chalk Marl of Folkestone, and from a deep boring in the axis of

the Winchester anticline. Totternhoe Stone {H. snhijlohosHs zone) of Arlesey.

Pecten (^quipecten) pulchellus, Nilsson, 1827. Plate XXXVII, figs. 12 a— c,

13, Ua,h, 15.

1827. Pecten pulchellus, S. Nilsso7i. Petrific. Suecaua, p. 22, pi. ix, Hg. 12.

— — LiNEATUS, Nilsson. Ibid., p. 22, pi. ix, fii,'. 13.

1833. — spuEius, A. Goldfuss. Petref. Genu., vol. ii, \\ 51, pi. xci, fig. 10.

— — PULCHELLUS, Gohy'uss. Ibid., p. 51, pi. xci, fig. 9.

I

(2) (3) (-1)

9-5 7 G nun.

9-5 >7

G „
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1837.

1841.

1842.

1847.

1848.

1850.

1852.

1863.

1869.

1870.

1871

1889.

1892.

1895.

1897.

1900.

1902.

SUBPTJLCHELLUS, (VOrbiguy.

PULCHELLUS, H. B. Geinitz.

Staszyci, a. Alth.

B. Kuer.

PULCHELLUS, A.

E. Favi

Pecten PULCHELLUS, W. HtsliKjer. Lethsea Suecica, jx 51, pi. xvi, fig. 9.

— LiNEATUS, Hisinger. Ibid., p. 51, pi. xvii, fig. 1.

— PULCHELLUS, F. A. Bonier. Die Versteiii. d. nord-deutsch. Kreide-

geb., p. 52.

— SPUEius, Bonier. Ibid., p. 52.

— PULCHELLUS, F. V. Hageuow. Neues Jahrb. fiir Min., etc., p. 550.

— — J. Mailer. Petref. der Aaclien. Kreidef., pt. 1, p. 33.

— — H. G. Bronn. Index Palsont., vol. i, p. 929.

— — A. cVOrhUjnij. Prodr. de Pal., vol. ii, p. 252.

Ibid., p. 252.

Das Qiiadersaudst. oder Kreidegeb.

ill Deutschland, p. 184 (partim).

Beschreib. der Unigebinig von Lemberg

(Haidinger's Naturwiss. Abhandl., vol. iii,

pt. 2), p. 248, pi. xii, fig. 35.

Denkselir. d. k. Akad. Wissenscli. Matli.-nat.

Classe, vol. iii, p. 316, pi. xvii, fig. 2.

Stronibeck. Zeitsclir. d. deutscli. geol.

Gesellscli., vol. xv, p. 154.

Moll. Foss. de la Craie de Lemberg,

p. 145.

C. SMnfer. Neues Jalirb. fiir Min., etc., p. 951.

F. J. Flcfet and G. Campiche. Foss. Terr. Cret. Ste.

Croix (Mater. Pal. Suisse, ser. 5), p. 219.

F. SfoUczJca. Palasout. ludica, Cret. Fauna S. India,

vol. iii, p. 428.

Die MoUusk. Aacheu. Kreide (Palse-

(iiitdgrapliica, vol. xxxv), p. 234,

pi. xxvi, figs. 10—13.

Seuou. von Konigslutter (Palaeout.

Abliaudl., vol. iv), p. 45.

p. 44.

StoUey. Die Kreide Sehleswig-

Holsteins (Mittheil. Min. Institut.

Univers. Kiel, vol. i), p. 240.

PULCHELLUS, F. Vogcl. Holliindiscli. Kreide, p. 23.

SPUEIUS, Vogel. Ibid., p. 22, pi. i, figs. 20, 21.

PULCHELLUS, .4. Hcnuig. Kevis. Lumell. i Nilsson's ' Petrif. Sue-

cana ' (Kou. Fjsiogr. Siillsk. i Luud.

Handl., N. F., vol. viii), p. 33, pi. ii,

figs. 27, 29—32 ;
pi. iii, figs. 1, 2.

(^Equipecten) PULCHELLUS, E. Pli'dlppi. Zeitsclir. d. deutscli.

geol. Gesellscli., vul. Hi,

].. 101, fig. 18.

Mollusk. i Danniarks Kridtafl. I.

Lamellibr. (Kgl. DanskeVid.Selsk.

Skrift. 6 Ksekke, nat. math. Afd.,

vol. xi), p. 82, pi. i, fig. 8.

E. Hohapfeh

0. Griepenlcerl.

LINEATUS, Griepenkerl. Ibid.,

(ChLAMTS) PULCHELLUS, E.

PULCHELLUS, J. p. J. Bavii.
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Non 1842. Pecten pulchellus, P. Mat/teroti. Cat. Foss. du Bouclies-du-Eli6ne,

p. 186, pi. XXX, figs. 4— 6.

— 1853. — — L. Reeve. Conch. Iconica, vol. viii, pi. xxxii, fig. 142.

— 1872. — — H. B. Geinitz. Das Elbthalgeb. in Sachsen (Palaeon-

tographica, vol. xx, pt. 2), p. 33,

pi. X, figs. 2— 4.

— 1877. — —A. Fritsch. Stud, im Gebiete der bohni. Kreide-

format. : II, Die Weissenberg. u.

Malnitz. Schiclit., p. 136, fig. 130.

— 1893. — — B. Michael. Zeitsclir. d. deutsch. geol. Gresellsch.,

vol. xlv, p. 243.

Description.—Shell small, oval, rounded, height equal to, or slightly greater

than the length ; nearly equilateral, the postero-dorsal margin a little longer than

the antero-dorsal. Convexity of valves small. Apical angle about 103°. Ears of

moderate size, unequal.

Right valve witli a variable number (t-Aventy-three to forty-four at the margin)

of broad, flattened, radial ribs, separated by much narrower, shallow grooves ; in

approaching the umbo some of the ribs become united in pairs. Near the anterior

and posterior borders ribs are small or absent. Both ribs and grooves are marked

by numerous fine radial striae, which, in the middle of the valve, are parallel with

the ribs, but cut them more and more obliquely in passing toward the anterior and

j)Osterior margins, which they meet at acute angles. Anterior ear longer than

high, with the outer margin rounded and a rather small sinus
;
posterior ear

smaller, triangular, higher than long, outer angle obtuse ; both ears with radial

strife like those on the valve, and the anterior ear sometimes with a few concentric

ridges also.

Left A'alve Avith narrow, elevated, sharply-limited ribs, some of which (often

alternate ones) do not reach the neighbourhood of the umlio. Ribs small or absent

near the anterior and posterior margins. Grooves between the ribs broad and

deep, marked by radial strias like those on the right valve. Summits of ribs

slightly serrate. Ears triangular, the posterior a little smaller than the anterior

and with the outer angle obtuse ; both ears with radial striae.

M('asnvement!< :

(1) (2)

Length . 2()-5 . 15-0

Height . 20-5 . IG'O

(1—4) from Trimingham.

Aijlnities.—1\ linvdUm, Nilsson, is a left valve of 1\ puIcheUufi. F. spurius,

Goldfuss, from Haldem, of which the type is in the Munich Museum, has been

shown by Hennig to be identical with P. imlcliellus. The form from the Planer-

kalk of Strehlen referred ])y Geinitz to P. jmlchellnf^ is regarded by Schliiter,

(3) (4)

12-5 10-5 mm,

L'3-0 11-0 „





PLATE XXVII.

fieiiv.s—FmTY.N, Miiller.

Peden {Synciiclonemd) orhiaihirit^, Soav. (P. 145.)

(All in the Woodwardian Museum, except fig-. 4.)

Figs.

1, 2. Tealby Limestone, North Willingham. Right valves.

3. Gault, Folkestone, Wiltshire Collection. Right valve.

4. Var. haldonensis, Woods. Upper Greensand, Kingskerswell. Museum of

Practical Geology, No. 991. Right valve.

5. Chloritic Marl, Maiden Bradley. Right valve.

G—9. Upper Greensand, Ventnor. 6 a, right valve (ears partly drawn from

another specimen) ; 6 h, antero-ventral portion of the same X 3. 7 a

right valve (margins of ears slightly restored) ; 7 h, posterior portion

of the same X -3 ; 7 c, left valve of the same specimen. 8, right valve.

9 a, right valve; 9 ?y, postero-ventral portion of the same x 8. G, 7,

Leckenby Collection. 8, 9, Wiltshire Collection.

10—13. Chalk Marl, Burwell. 10 a, left valve ; 10?;, portion of the same near

the ventral margin X 10 (on other parts of the valve the fine concentric

ridges are closer together). 11— 13, right valves.

14. Totternhoe Stone, Burwell. Part of interior of right valve X 2.
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PLATE XXVIII.

Pecten [continued).

P. [Camptonectes) cinctns, Sow. Claxby Ironstone (zone of B. lateralis)

of Claxby. Wooclwarclian Museum. (P. 152.)

Figs.

1 a. Right valve X ^. lb, portion of tlie same, natural size.

2 a. Left valve of another specimen X f . 2 h, portion of the same, natural size.

3. Portion of left valve with the concentric laminge well preserved X 2.

(The ears in figs. 1 a, 2 a, have l^een partly completed from other specimens.)
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PLATE XXIX.

Pecten {continued).

Figs.

1—3. p. {Camptcniedes) CoffahUnus, d'Orb. Leckenby Collection, "Woodwardian

Museum. (P. 156.)

1. Lower Greensand, "Whale Cliiue. Eight valve.

2. Perna-hed, Atherfield. a, left valve ; h, part of the same above the middle of

the valve x 3.

3. Penza-bed, Atherfield. Left valve, a, part near the middle of the dorsal third

X 3 ; 6, part of the anterior ear x 4.

4—6. P. {Camptonecfes) sfrhtfo-piinddfv^, Rom. (P. 157.)

4. Speetou Clay (D 1). Mr. Lamplugh's Collection, a, part of left valve; 6, part

of same X 3.

5. Same horizon, etc. Anterior left ear x 3.

6. Claxby Ironstone, Benniworth Haven. Woodwardian Museum. Part of left

valve.

7. P. (Camptonectes) curvatiis, Gein. Greensaiid, Great Haldon. Museum of

Practical Geology, No. R 478rr. Left valve, a, natural size ; h, same

X 3. (P. 159.)

8. P. {Campfonccfps) diihrisv'u.sis, Woods. Chalk Marl, Dover. British

Museum, No. 38213. a, right valve; />, left valve; c, anterior ear of

h X 2. (P. 162.)
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PLATE XXX.

Pkctkn {contiiitii'd).

Figs.

1,2. P. {CUuiiptoiiectes?) (jaultiau^, Woods. Gault. Woodwardian Museum.

1 (I, riglit valve, Folkestone, X 1\', 1 h, portion of the same near

the postero-dorsal margin X <3. 2, left valve. Black Ven, x 2.

(P. 163.)

3—8. P. {Chlamy><) fissicosfa,'S:th. Woodwardian Museum. (P. 163.)

3— 6. Totteruhoe Stoue, Burwell.

7. ,, ,, Ai-lesey.

8. ,, „ Cherry Hiutou.

3, right valve (type). 4, left valve (type). 5 a, riglit valve ; 5 &, part of the

same specimen x 2. 6 a, left valve x I5 ; 6 b, part of the same near the

antero-ventral border X 3 ; 6 c, another part near the middle of the valve

X 3. 7, right valve of a variety with few ribs. 8, left valve, crushed

near the umbo.

9—12. P. {Chhniii/s) PicMsianvs, Math. Woodwardian Museum. (P. 165.)

9. Cenomauiau, north of Beer Head, a, left valve ; b, postero-veutral part of the

same X 2.

10. Cenomanian, Wilmington, a, left vnlve ; b, part of the same near the centre x 2.

11. Same locality. Eight valve.

12. Top of Chloritic Marl, Melbury, North Dorset. Anterior part of right valve

with the ornamentation well preserved x 2.
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PLATE XXXI.

Pecten {continnci]).

¥ios.

1,2. P. {Ghhiui/s) brlfannicus, Woods. (P. 107.)

1. Dr. Blackmore's Collection. Ui>per part of M. cor-anguinum zone, Stratford,

near Salisbury, a, part of valve ; h, same x 4.

2. Mr. Gr. E. Dibley's Collection. 31. cor-anguinum zone, Haling Pit, South

Croydon, a, left valve ; h, part of the same x 3.

3—6. P. {CMamijs) Millcri, Sow. Greensand, Blackdown. Woodwardian Museum.

(P. 168.)

3. Meyer Collection, a, left valve ; h, part of the same near the umbo x 6.

4. Wiltshire Collection. a, right valve X 2. The anterior ear is drawn from

another specimen in the same collection.

5. Wiltshire Collection. Right valve. Ornamentation jiist above the middle of

the valve X 6.

6. Meyer Collection, a, left valve ; b, postero-ventral part of the same X 3.

7—9. P. {Ghlamy^) .^iihacutux, Lam. (P. 169.)

7, 9. Meyer Collection. Bed 11 (Cenomanian), Dunscombe. 7a, right valve;

7 b, part of same x 3. 9, ribs of another right valve near the middle of the

valve X 3.

8. Museum of Practical Geology, No. 6683. G-reensaud, Haldon. «, right valve;

b, part of sanie in the middle of the dorsal third x 4 ; c, part near middle of

ventral border x 4.

10—13. P. {PhJ((iui/s) ehtiKjiitiis, Lam. Woodwardian Museum. (P. 170.)

K), 11. Wiltshire Collection. Gault, Folkestone. 10, left valve. 11 «, left valve;

11 6, part of same X 3.

12. Wiltshire Collection. Chalk Marl, Ventnor. a, left valve ; b, postero-ventral

part of same x 2.

13. Totteruhoe Stone, Arlesey. Eight valve. Ribs near the middle of the ventral

border x 4.
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PLATE XXXII.

Pecten {cuiitiuned).

F1G8.

1— ;^. P. (Chlami/s) pJonr/atus, Lam. (P. 170.)

1. Grey Chalk, Dover. York Museum, a, right valve; h, portion of the same near

the middle of the valve x 3.

2. Lower Chalk, Burwell. Woodwardian Museum, a, left valve; b, part of the

same near the middle of the valve X 3.

3. Same horizon, etc. a, right valve ; b, part of same below the middle of the

valve X 3. (The anterior ear is displaced.)

4—6. P. {Gldamys) cretosus, Defr. A. qiKidiydus zone, East Harnliam. Dr.

Blackmore's Collection. (P. 174.)

4 a, left valve x 1^.

4 h, mid-ventral ribs of 4 a X 3.

4 c, right valve of the same specimen x Ih

4 d, mid-ventral ribs of 4 c x 3

.

5 a, left valve.

5 b, part of 5 a posterior to the middle of the ventral border x 4.

6 a, left valve.

6 b, umbo of 6 a x 3.

6 c, part of 6 « near the mid-ventral border x 4.
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PLATE XXXIII.

PeOTEN {roufhiin'd).

Fedeii {Chhuni/s) crcfo^us, Defr. Upper Chalk. (P. 174.)

Figs.

1. A. ([iKiilnifiis zone, East Haniham. Dr. Blackmore's Collection, a, right

valve X 1^ ; Ji, part at antero-ventral edge X 4 ; r, antero-ventral part

of left valve of the same specimen X 4.

2. Same horizon, etc. a, left valve ; h, part just behind the mid-ventral edge

X 3.

3. Same horizon, etc. a, left valve x 11 ; A, part at postero-ventral margin

X 4. Fine concentric ridges cover almost the entire shell, but are not

shown in the figure. Near the nmbo the radial ribs are spiny.

4. M. cor-dngtiriuiiih zone, Porton. Dr. Blackmore's C^ollection. r?, left valve;

h, part just behind the mid-ventral mai'gin x 3.

5. Marsujntes zone, Witherington. Dr. Blackmore's Collection. Left valve.

6. M. cor-<fiif/innum zone, Gravesend. Mr. G. E. Dibley's Collection, a, right

valve, with interior of anterior hff ear ; h, part of mid-ventral third

X 4.

7. Upper Chalk, Bromley. Wiltshire Collection. Right valve of specimen with

coarse ribs, a, antero-ventral part; />, portion of same part X 3.

8. Same horizon, etc. Part of mid-ventral third of left valve X 6.

9. 7?. ruiicroiiiifii zone, Norwich. Norwich Museum, No. 205G. Part of left valve

near the middle of the ventral edge X 4.

10. A. quadratus zone. East Harnham. Dr. Blackmore's Collection. Part at the

mid-ventral edge X 4.

11. Upper Chalk, Charlton. Wiltshire Collection. Right valve of a specimen

with the scaly spines large and well-preserved. Part near the ventral

edge X ().

12. LTpper Chalk, Trimingham. IMr. R. M. Brydone's Collection. Right valve.

Form with numerous slender ril)s. Portion at the dorsal third X G.
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PLATE XXXIV.

Pecten (coiifi)i)ird).

Fios.

]— (). p. {CJihiimjs) Maiifrllifonis, d'Orb. Upper Chalk {B. vutcronafa zone),

Norwich. Norwich Museum (except fig. 3). (P. 179.)

1. No. 2093. a, left valve; b, part near mid-ventral edge X 6.

2. No. 2058. Left valve.

3. Woodwardian Museum. Right valve, a, natural size ; b, middle part x 2

;

c, portion near the centre x 5.

4. No. 2055. Right valve. Part near the umbo x 2.

5. No. 2055 (another specimen). Right valve.

6. No. 2053. Left valve x 2.

7—12. P. (Ghlaviys) EohlyinlJiini,^ d'Orb. Ferna-hed. Atherfield. Wood-

wardian Museum. (P. 181.)

7. Leckenby Collection, a, left valve; b, part near the margin just in front of the

mid-ventral part x 4.

8. Leckenby Collection, a, left valve ; b, part of the middle of the valve between

the two strong growth-lines x 3.

9. Leckenby Collection, a, left valve ; b, part near the mid-ventral edge x 3.

10. a, right valve ; b, part near the antero-ventral margin x 4.

11. Left valve ; middle of ventral third X 4.

12. Wiltshire Collection, a, left valve ; b, part near the mid-ventral margin x 4

;

r, anterior ear x 3.
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PLATE XXXV.

Pepten (continued).

Fias.

1—10. P. {Chlaniys) Rvhinahlinus, iVOrh. Upper Greensand (except figs. 5, 6, 8).

(P. 181.)

1. Warminster. British Museum, No. 67734. a, left valve ; 6, autero-ventral part

of the same x 4.

2. Warminster. Woodwardian Museum, a, left valve ; b, antero-ventral part

X 4 ; c, part near the umbo X 4.

3. Veutnor. Wiltshire Collection, a, left valve ; h, posterior part x 4.

4. Warminster. Museum of Practical Geology, No. 7418. a, right valve ; b, part

just in front of the mid-ventral edge x 4 ; c, anterior part of left valve of

same specimen x 4.

5. Chloritic Marl, Maiden Bradley. Mr. J. Scanes' Collection. ? Left valve ;

antero-ventral part x 4.

6. Same horizon, etc. Left valve
;
part at the antero-ventral margin x 4.

7. Ventnor. Wiltshire Collection. Left valve ; mid-ventral part X 4.

8. Cenomanian (Bed 11), Beer Head. Meyer Collection. ? Left valve; antero-

venti-al part x 4.

9. Warminster. Bristol Museum. Eight valve
;
postero-ventral part x 4.

10. Warminster. Museum of Practical Geology, No. 7407. Middle part of left

valve X 4.

11. P. {Chhiniys) Sttitchhurianiis, Sow. Grreensaiid, Blackdown. The Type.

Bristol Museum. Ventral part X 1^. (P. 185.)

12. P. {J^quij-jrcfcn) asper, Lam. Upper Greensand (Chert Beds), Baycliffe

Quarry, Wiltshire. Mr. J. Scanes' Collection. Left valve ;
part just

in front of mid-ventral margin X 4. (P. 18G.)
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PLATE XXXVI.

Pecten {continued).

Tigs.

1—4, p. (J^quijjecten) asper, Lam. Upper Greensand, Warminster, (P. 186.)

1. Woodwardian Museum, a, left valve (the anterior ear is drawn from another

specimen) ; b, ventral part x 3.

2. York Museum. Eight valve.

3. Woodwardian Museum. A form with few ribs. ? Right valve.

4. Woodwardian Museum. Eight valve ; mid-ventral part x 3.

F. {j3Squipecte7i) pexatus, Woods. (P. 190.)

5. Upper Chalk, near Salisbury. Dr. Blackmore's Collection, a, x 2 ; 6, ventral

part X 5.

6. H. planus zone, Cheveley, near Newmarket. Woodwardian Museum, x 2.

7. A. quadratus zone, East Harnham. Dr. Blackmore's Collection, a, outline,

natural size ; b, part of same X 5.

8. p. (yEquipecfen), sp. A. rpuKh-atu.s zone, East Harnlmm. Dr. Blackmore's

Collection, a, x 1^; h, part of same X 4. (P. 191.)
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PLATE XXXVII.

Pecten {confinued).

Fias.

1—3. P. {j^quipeden) sarnmeiisis, Woods. A. quadratus zone, East Harnham,

Salisbury. Dr. Blackmore's Collection. Right valves. 1 a, X 4

;

1 b, antero-ventral portion x 8. 2 a, x 4 ; 2 h, anterior part of a X 6.

3, X 4. (P. 192.)

4—8. P. {jEquipeden) campaniensis, d'Orb. (P. 192.)

4. Norwich Museum, No. 2044. B. mucronata zone, Norwich. Eight valve X 2.

5. Dr. Blackmore's CoUectiou. Uintacrinus zone, Devizes Eoad, Salisbury. Eight

valve X 4.

6, 7. Same CoUectiou. B. mucronata zone. Clarendon, near Salisbury. Eight valves.

6, X 4. 7, X 4.

8. Same Collection. A. qvadratus zone, East Harnham. Left valve x 4.

9—11. P, (yEquijoeden) arlesiensis, Woods. Chalk Marl, Folkestone. 9, Wilt-

shire Collection, Woodwardian Museum. Right valve X 4. 10,

Museum of Practical Geology, No. 562. Left valve x 3. 11, Same

Museum, No. 562. Left valve; mid-ventral part x 6. (P. 194.)

12—15. P. {^qulpeden) jnddieUus, Nilss. Upper Chalk, Trimingham. (P. 194.)

12. Museum of Practical Geology, No. 8013 (collected by Mr. C. Eeid). a, right

valve X 3 ; 6, ventral part of the same X 6 ; c, part of dorsal third x 6.

13—15. Mr. E. M. Brydone's Collection. Left valves. 13, X 3. 14 a, natural size;

14 b, part near the antero-ventral margin x 5. 15, x 2.

16. P. {Gamptonedes) curvatns, Gein. Chloritic Marl, Eastbourne. Wood-

wardian Museum. Right valve x 3. (P. 159.)
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PLATE XXXVIII.

Pecten (continued).

P. {^quipecten) Beaveri, Sow. (P. 188.)

FlQS.

1. Chalk Marl, Dover. York Museum, a, left valve; b, posterior portion X 3.

2. H. suhglohosus zone, Slielford Lime-kiln, Grog-ma-gog Hill. Woodwardian

Museum, a, right valve (the ears are drawn from another specimen)
;

h, antero-ventral portion of left valve of the same specimen.

3. H. suhglohosus zone, Cherry Hinton. Woodwardian Museum. Interior of part

of right valve, showing byssal sinus.



PLATE XXXVIII

TTlffa^H" ' ~-"/«fc'-fl.

/-'v-

ATHollio^ del.ethtk^
West.Newmaji amp

CRETACEOUS LAMELLIBRANCHIA.



«



THE

PAL^ONTOGMPHICAL SOCIETY.

INSTITUTED MDCCCXLVII.

VOLUME FOR 1902.

LONDON





A MONOGRAPH

BEITISH GRAPTOLITES.

GERTRUDE L. ELLES,
GEOFFREY FELLOW, NEWNHAM COLLEGE, CAMBRIDGE

AND

ETHEL M. R. WOOD,
OF NEWNHAM COLLEGE, CAMBRIDGE; AND THE UNIVERSITY OP BIRMINGHAM.

OHAELES LAPWORTH, LL.D., F.E.S.,

PROFESSOR OF GEOLOGY IN THE UNIVERSITY OF BIRMINGHAM.

INTHODUCTION.
Pages i- xxviii.

Part L—DICHOGHAPTID^.
Pages 55 102 ; Plates V-XIII.

LONDON:
PRINTED FOR THE PAL^ONTOCIRAPHICAL SOCIETY.

1902.



I'KINTKD BY ADLAUD AND SOK,
BARTHOI.OMKW CLOSK, B.C.; 20, HANOVER SQUARE, W. ; AND UORKINt



BEITISH GEAPTOLITES

HISTORY OF KESEARCH.

The History of E-esearcli among Graptolites commences in tlie early years of

the eigliteentli century. Examples of these fossils were first noticed in the

works of von Bromell about 1727, and a few years later the name Gra2')tolithus

was first suggested by Linngeus in his ' Systerna Natura3.'

The History itself falls conveniently into four periods. In the first of these

(1727 to 1850) papers upon Graptolites were comparatively rare, and their authors

did little more than figure and describe the forms which they collected. During

the second period (1850 to 1865) the brilliant papers of Barrande in Europe and

Hall in America called universal attention to the abundance and variety of

Graptolites in the older Palaeozoic rocks, and these authors laid the foundation of

our present ideas respecting their structiire and their alliances. During the third

period (18G6 to 1880) the workers among these fossils were largely British, who

devoted themselves firstly to the investigation and description of the British species

and the determination of their geological horizons ; and secondly to the discussion

of the problems of the classification, zonal distribution, and probable mode of life

of the Graptolites in general. Finally, during the fourth period (reaching from

1881 doAvn to the present time) the workers among Graptolites have been mainly

non-British, especially Swedish, and the advances made have been great, par-

ticularly as respects the intimate structure of the fossils themselves, their

distribution in space and in time, and their probable conditions of existence.

A separate chapter is here devoted to each of these four periods. The pul)]ica-

tions of the several investigators are taken u[) in chronological sequence, and each

generic or specific title when proposed or eni})l()ye(i for the first time is dis-

tinguished by being printed in clarendon type.

a



ii BRITISH GRAPTOLITES.

CHAPTER I.

First Peiiiod, 1727 to 1850.

There seems but little doubt that Mao-nus von Bromell, of
1727.

. .

Vo) Bromell
Upsala, Sweden, must be credited with the first notice and

" Lithographice description of the fossils which w^e now call Grai)tolites,

Suecause," although he did not use the word " Clraptolithus," nor did he
' Acta literaria Sueciae gjyg figures of these fossils. In the years 1720^9 he brought

psa lae, vo s. i, ii,

^^^ j^-^ ^^^^k entitled " Lithoofraphias Suecanse." In this he
1720-9.

gives, among other things, a description of a collection of

fossils belonging to himself. This work was published in the ' Acta literaria

Sueciae Upsalise ' (1720-9), and also separately in two parts, the Si)ecimen ijvimum

in 1724, and the Specimen secundum in 1727.

In the Specimen pvhnum there is no reference which can be considered as

applying to Graptolites ; but in the Specimen secundum the Articulus primus is

entitled " Concerning a moss incrusted and delineated in stone." The example

No. 1 given in this section is described as " a rock of ashy colour, fissile, foetid,

called ' SAvinestone ' (lapis suillus), exhibiting on the surface a black tangle of

branched moss imprinted as with a fine pencil The moss which is

seen delineated on the above-mentioned rock is of a stony nature, hair-like, not

penetrating the actual substance of the rock— as one can see in some of the

Florentine and German dendrites,- -but spreading its delicate form on the outer-

most surface."

Tullberg, to whose valuable memoir, "On the Graptolites described byHisinger

and the older Swedish Authors," ' K. Svenska Vet. Akad. Handl.,' 1882, we are

especially indebted, remarks that von Bromell elsewhere uses the term " lapis

suillus " for real anthraconite or swinestone (concretions occurring in the alum

shales of Sweden), and it may therefore be inferred with fair certainty that he

refers to that rock in this case. If so, the fossil which von Bromell describes as

a " branched moss," and compares with a dendrite, is probably the Dicttjonema

Jiahelliforme of Eichwald, a fossil which frequently occurs in the balls of anthra-

conite in the alum shales of Westrogothia.

Von liromell's Articulus secundiis is headed " Concerning the imprints and

remains of leaves in various rocks." Example ;> in this section is described as

" Leafy impressions and traces of different plants in a black fissile rock from Mt.

Dalaberg in Westrogothia ;
" and the author remarks, " The true names of these

leaves I cannot at present state ; foi- wliile some, by their pinnules, seem to recall

ferns, others by their narrowness and length a kind of grass, some by their

pointedness and tenuity a willow, others the heather and small water-lily, yet I
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dare not decide precisely to what they belong until I have received more and

better specimens."

These observations of von Broniell are mentioned l)y Wahlenl)erg' and later

writers, who are of the opinion that the rock referred to w\as a shale containing-

Graptolites. Wahlenberg remarks that " when the shale is of a bluish or bluish-

grey colour, the pictures of Gra/ptoliilms appear black, and at the same time their

outlines so blend among themselves that their full figures appear only linear, and

these Bromell took for leaves of grasses."

jj-35 The great systematist, Linnceus, was the second to notice

Lhuueus, and describe examples of Graptolites ; and we owe to him
' Svstema Naturae,' tlie title GrajjtoUthus, which was subsequently adopted as the

'^*^'^- ^- name of the genus that eventually became accepted as the

type of the entire group. In the first edition of his ' Systema Naturee,' section

" Regnum lapideum," Classis III, Fossilia, he defines his third order as follows :

—

" Graptolithus, picture resembling a fossil." It w^ould appear, therefore, from

this description, and from the list of the specimens which he refers to as

belonging to this order, that the title Graptolithus was originally proposed by

Linnffius for those well-known markings— dendritic incrustations and the like

—

which frequently occur in rocks and which simulate fossils, but which had, even

previous to his time, been generally acknowledged not to be fossils in the true

sense of the word. Indeed, in the tAvelfth edition of his ' Systema Naturj-e,'

published in 17G7, he asserts definitely, "A Fossil, properly speaking, is not a

Graptolite."

Between the appearance of the first and twelfth editions

/"* of his ' Systema Naturge,' Linnasus published, however, his

,„io ,'
-d' .

' Skilnska Resa ' ('Travels in Scania'). In that work he
' Skanska Kesa. ^

_

^

figured and described certain markings on a slab which are

undoubtedly true fossils, and clearly belong to the group of organic remains

now known as Graptolites. His description is as follows :
—

" Fossil or Graptolite,

of a strange kind, which, in the grey rock with black characters,

reseml)les a line imprinted with markings like those on the edge of a coin, and often

passes into a narrower spiral end."

According to Tullberg (oj). cit. supra), the slab bearing these fossils was

obtained from a gravel hill, named Bybjer, near Herrestad. At this locality

Tullberg asserts that no Graptolite shales exist in situ, but that loose blocks occur

in the mass of gravel.

The exact specific identity of the fossils thus referred to by Linnseus in his

' Skanska Resa ' became a matter of considerable controversy among palaeontolo-

gists on both sides of the Atlantic a century later, but the consensus of opinion at

the present day is in favour of the view that the fragments figured by him are

true organic remains, and represent two distinct Graptolite species; one being the
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species now known as Glimacograjitm scahirix (Linni^ns), and tlio other Man ograjdnf^

trianguJatus (Harkness), both of wliicli species are, according to Tnllberg, abnndant

in tlic blocks of shale occurring at this Scanian locality.

]^7gg
Following the same plan as that originally adopted by

Linnxus, him in the first edition of his ' Systema Naturae,' Linnaeus,

' Systema Naturae,' m his twelfth edition, still employed the term GraptolWms
edit. 12. j;qj. inorganic markings or bodies which simulate fossils ; and

he further divided his order Graptolithus into various species.

Among these species of supposed false fossils, one (given as No. G) is described

as " Grajptolitlms Sagittarius, with toothed impressions,— ' Anonymum. Volkam.

Siles.,' 3, p. 332, vol. iv, fig. 6,—found in hard rock, with imbricate impressions,

toothed, Avithout a pedicel, regularly arranged, pointed towards the apex." An
examination of the figure which is given by Volkmann in his work ' Silesia subter-

ranea,' and which is referred to by Linnteus in the above descri})tion, makes it

quite clear (as has been pointed out by Tullberg and others) that it represents a

Lejndodendron or Sigillaria, and not a Graptolite at all. Thus the Linngean name,

Gr. Sagittarius, was employed for a Carboniferous plant, and cannot therefore be

retained for a species of Graptolite.

Linnseus' species No. 7 of this twelfth edition of his ' Systema Naturae,' hoAvever,

is the same form as that originally described by him as Graptolithus in his ' Skanska

Resa ' of 1751. It is referred to in the text in the following words :
—" Graptolithus

scalaris, looking like a line and transverse markings. Found in the common

shale of Scania." Linnfeus, however, gives no fresh figure. (Compare also loth

edition, Gmelin, 1793.)

We find therefore that von Bromell described certain forms

^Taici
^^o"^ known to be Graptolites as mosses or leaves, while

' Naturgeschichte der Linnaeus described some others in his genus Graptolithus,

Versteinerungen ziir believing them to be "false fossils" simulating true ones.

Erliluterung der Walch, liowever, was the first naturalist to recognise tlie animal
Knorr'schenSaramlimg

^^^^^^^^ ^^ ^j^^ organic remains of the type of the Graptolites

d r Nat r

'

*^^ ^^^° ' ^kilnska Resa.' In the supplement to a work of his

suppl. iii.
o^^'ii oil the fossils collected by Knorr, he figures two fossil

forms or species which he considers to be minute Cephalopods,

One of these is certainly the same form as that subsequently named by Hisinger

Prlonotiis convolidus. Walch described this as a " unique species " with a testaceous

body like a Litaites, and denticulated like the " denticulated Orthoceratites." " Its

denticulated border proves that it was chambered, and the teeth mai'k the

extremities of the chamber walls."

The second form figured by Walch is also certahily a Graptolite, but it is

difficult to say from the figures to what species the examples given by him should

l)c referred ; but it is possible that tliey belong to the form known at })resent as
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M<mograptns jirioilou (Broiiii). Walcli refers to tliem as a new species of "small

denticulated Ortlioceratites," distinct from DciiffiUfn'. (jcnirnhiti. "The nnniLer of

chambers appears to be equal in all those of the same leno-th, aiid those hio-her up

are narrower than the basal ones;" but the siphon, he wi'ites, has not yet been

found. Both forms figured by Walch probably come from the same locality,

near Stargard, Mecklenburg, from the grey limestone of the Northern Drift.

Walch does not name either of his species.

,„ , We find no further mention of Graptolites for the next

Wahlenherq, half-ceutury. But in the year 1821 Wahlenberg recognised

"Petriticata Telluris the fact that at least one of the forms classed by Linnaeus as

Succanaj," 'Nova Acta Graptolithus (namely, G. scalaris) was a true fossil. But he
Reg. Soc. Scieutarum agrees with LinnEeus that none of the other forms (with the

exception of G. Sagittarius) embraced by him in his group

GraphtJithus (or bodies which " simulate fossils ") are fossils in the true sense of

the word.

Nevertheless, while agreeing with Linnaeus in this general opinion, Wahlenberg

boldly employed the term Graptolitlius for the true fossils originally figured by

Linnaeus as Graptolithus in the ' Skanska Resa,' and established these as the original

types of the palteontological genus Grapiolitlius or Grraptolites in general. In this

he has been followed by all subsequent palgeontologists, and the term Graptolites

has been consistently used ever since for all those fossils which are presumably

identical with or allied to Linngeus' GraptolUlms scalaris.

Wahlenberg had the same idea of the nature of the Graptolites as Walch had

previously held, and believed them to be true Ortlioceratites. He noticed their

frequent association with undoubted Ortlioceratites in the up})er shales of Vestro-

gothia, and believed that it was possible to trace all the intermediate stages between

the large calcareous forms of Orthoceras, and the very small membranous and

" apparently translucent varieties " which Linngeus had described as GraptoUtliUS

scalaris. He gives a description of what appears to be Linnasus' G. scal((i-is under

the name Ortlioceratites tenuis in the following terms:—"It has a maximum
breadth of barely a line, a length of one inch, and a linear shape. Its joints

here and there have been separated from each other alternately, and have been

turned over so that they have imprinted in the shale circles smaller than

mustard seed. Longitudinal types, instead of a siphon, show a definite medullary

nerve (thread), to the sides of which dissepiments are attached, often opposite each

other, as in their natural position, but sometimes alternating. This (alternation),

however, might have been brought about by disturbance or by obliquity." These

small fossils (the Graptolites), he writes, occur frequently alone, only rarely mixed

with the larger forms (of Orthoceratites) . He concludes from this that they " li^•ed

on as such through the period of the upper shales, after the extinction of all the

large Orthoceratites."
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Walilenbci'g describes the occurrence of similar Graptolites also in Dalecarlia (at

Osmundsberg and Furudal), and notices cai'efully the various conditions of

preservation in which they ai'e found. " In the shale of Scania, Avliich always has

a black colour, the Graptolites occur as impressions with a certain peculiar lustre,

or when pyrites is present are rusty, and at the same time they are occasionally

found as solid bodies filled up Avitli pyrites." These, he contends, " show clearly

the nature of Orthoceratites."

In addition to Linngeus' G. scalarls, Wahlenberg also notices the occurrence of

certain one-sided forms which he erroneously refers to Linnteus' G. Sagittarius.

According to the Swedish geologists, the form identified by Wahlenberg with G.

Sagittarius is probably identical with the species subsequently named Monograptns

leptotheca by Lapworth. At any rate, it is quite clear that it is not the same as

Linnseus' G. Sagittarius (see aiite). He holds that there is but little doubt that these

one-sided forms have their origin from the same minute Orthoceratites by a peculiar

kind of decomposition. " Some of these Orthoceratites, which had a siphon or a

lateral nerve, seem to have curved themselves after the destruction of the opposite

wall, and so to have produced lines on one side like the points of an arrow." He
considers that these arrow-like structures, which are curved, have arisen from the

" interlocular dissepiments."

The result of Wahlenberg's work was to call general attention to these fossils,

and the observers who succeeded him found no difficulty in recognising the organic

remains thus fixed as " Graptolites," and they employed the term strictly in

Wahlenberg's sense.

1322 The views of Walch and Wahlenberg, with respect to the

VoH ScMothelm, Ceplialopodous nature of the Graptolites (as thus restricted

' NachtrJlge zur Petre- by Wahlenberg), were adopted by von Schlotheim, who, in

faktenkunde; pt. ii.
;^g22, described and figured a Graptolite under the name

Ortlioccratites serratus. It is impossil)le to identify this species with certainty from

Schlotheim's figure, but the " haarformige Nervenr()hrc," which he notices running

down the back of the fossil, is almost certainly the structure now known as the

virgula. This form was obtained from the shales of Andrarum. According to von

Schlotheim, his species is the same as that described by Schroter inhis 'Einleitung,'

Til. iv, but we have not been able to gain access to Schrciter's paper.

1828. Von Bromell's primitive idea of the vegetable origin of

Brongniarl, these curious fossils, however, was not relinquished by all

'Histoire rles pahrontologists, and in 1828 Brongniart described and figured
Vc'gt<taux Fossiles.'

^^^.^ ^^^^ g^^^-g^ ^^^ Graptolites from the limestone of Pt. Levis,

under the names of Fiicoides serra and /''. dentatus. The former is the species

of T(',tragra,j)tus Avliich was subsequently described by Hall as T. hrgonoides

(' Graptolites of the Quebec Group,' 1865), and the latter is a DiiAograftus

{D. dentatus).
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1829. In 1829 Holl gave a short de.scri})tion of Schlotlieini's

'Hiindbucli der' Petre-
Ovtlioceratites sevratiis ill liis own text-book, but added iiotliiiig-

faktcu.,' vol. ii. to oiir knowledge of the structure of Graptolites.

According to Dr. Beck and Prof. Eichwald, Prof. Nilsson of Lund published

about this time (in the ' Transactions of the Physiographic Society ' in Lund) some

notes on the nature of Graptolites : but accordino- to Tullbero:
1830-35

'
" {loc. cit. supxt) there is nothing written by Nilsson to that

effect in the publications of the society. It seems fairly

certain, however, that Nilsson (either in a letter or in a manuscript) distinctly

formulated the opinion that Graptolites are polyparies belonging to the " Polypi

ceratoporas," or horny Polyps.

Nilsson proposed to change Linngeus' name of GraptoUtJLtis to I'riodon.

But this name had already been emplo3^ed by Cuvier for a genus of fish, and

Nilsson therefore, in a letter to Hisingcr, dated December 27th, 1835, writes, "I

have named the genus of Graptolites Prionotus (like a saw), both in my annotations

(where a sketch of a inonogra})h on this genus is to be found) and in letters to

several foreigners. I regret that I gave the name wrongly through a slip of memory

once when visiting you in Stockholm." (He probably here refers to the generic

name originally j^roposed by him, namely, Priodon.) " The name Prionotus I consider

characteristic, and I therefore intend to retain it." This name, however, was also

preoccupied, and it has therefore sul)sequently fallen into disuse among graptolitho-

logists.

2335 The confusion in the nomenclature of the Gra})tolites was

Bronn, not diminished by Bronn, who in 1835, in his ' Letheea

'Lethxa Googuostica,' Geognostica,' described a new species, and suggested a fresh

^'*^^- '• generic name, Lomatoceras, instead of Nilsson's already pre-

occupied name of Priodon. This choice was as unfortunate as that of Nilsson, for

the name was already in use for a special genus of insects. The species figui-ed

and named by Bronn is his well-known Monograjjius priodon. Bronn figured this

form very accurately. He grouped Lomatoceras as one of the genera of the

Polyparia ; but in his description he speaks of the siphon and inner chambers as if

the fossil were a Cephalopod.

1837-40.
'^^^^ Swedish naturalist Hisinger gave special attention to

Jlisingei; the Graptolites of his native country, and described and
' Lethaea Suecica, seu figured many new forms. He was originally (' Anteckningar
Petnficata Sueci*.' •

pj^ygii^ Qch Geognosi,' p. 168) of the same opinion as

Wahlenberg with regard to the zoological place of the Graptolites; but in 1837 (in

his ' Letluea Suecica, vSupplementum ') he relinquished his earlier view of tlieir

alliance with the Cephalopoda, and agreed with Nilsson in referring the Graptolites

to the " Polypi ceratopora)." In this work he described and figured LiniuDus'

Urai)tolitkas scalaris, and the form identified l)y \Valik'nl)erg with Liniueus'
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Gr. Sagittarius, together with three new species of his own, namely, P. pristis,

r. folium, and P. convolutus. Three years later he described and figured in his

' Supplementnm secundum ' three additional forms, namely, Fr. geminus, Pr.

teretiusculus, and a net-like form. This last was a Didyonema, although he

regarded it as the impression of a monocotyledonous plant. All Hisinger's species

were classed by him under Nilsson's generic name of Frionotus.

Ig3()
In 1839, Murchison, in his ' Silurian System,' quotes the

Murchison, views of Dr. Beck, the Danish naturalist, as to the probable

' The Silurian nature of the Graptolites. He writes, " Very different opinions
System. have been entertained as to the place which the Graptolites

hold in the series of living beings, but that of Professor Nilsson may come nearest to

the truth, who conceives the Graptolite to be a polyparium of the ceratophydian

family. Yet I am more inclined to regard them as belonging to the group

FeniiatuliiicV, the Linuc^an Virgulariahemg the nearest form in the present state to

which they may be compared." Dr. Beck refers to the new names of Priodon

and Lomatoceras, suggested by Nilsson and Bronn respectively, but considers both

to be unnecessary.

Three species of Graptolites are figured in Murchison's ' Silurian System.' The

descriptions of two of these are by Beck, namely, those of Graptolithvs ludensis

and (t. Murchisoni. The name O. Murrhisonl was given by Beck, but the name

G. ludensis was substituted by Murchison for a form previously recognised by him-

self, which had been named by Beck in his MSS. Gra])tolitlbUS virgulatus. One of

the forms figured as G. ludensis is identical wath Bronn's Monograptus priodon ; the

other is rather of the type of M. colonus of Barrande. G. Murchisoni is an example

of Didijmograptiis. The third species, G. foliaceus, is a Diplograptus, and is

described by Murchison himself.

Murchison emphasises throughout his work the fact that the range of the Grap-

tolites is exclusively Silurian, and he records them as high up in the series as

the lower Ludlow shales.

Quenstedt, in a short paper in the ' Neues Jahrbuch ' in

Quenstedt, 1840, notices the structure of certain Graptolites. He adopts

" Ueber die vorziiij;- the views of the older palgeontologists that they belong to the

lichsteu Keuuzeichen family of the Cephalopoda, and he states that he " does not see
au

1
pen eues

^^, Nilsson should place them among the sea-pens." But he
Jalirb. f. Min.,' / ^ ....

evidently does not consider that the question of their affinities

is definitely settled, for he says elsewhere, " A close examination of well-preserved

specimens might, however, perhaps strengthen the view that they all belong to the

class of the Foraminifera, and not either to the Cephalopoda or to the corals."

As regards the structure of the Graptolites, he notes that he has observed

distinct transverse partition walls, as in the Cephalopoda, but no last chamber.

He recognises also a siphon running down the back of the shell. He considers
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witli A\^alileiiberg that the toothed appearance of one of the margins is not

original, but a result of the mode of preservation. He describes and figures

two species of Graptolites, G. scalarh, Linn., and G. tenuis, Wahl., and redescribes

(without figuring) the G. serratvs of Schlotheim. Quenstedt's drawings are figures

of fragmentary forms, and represent two unidentifiable forms of Monograptus.

During the same year Eichwald (" Ueber das silurische

„. , Schichtensystem in Estland ") described a new species of

" Ueber das silurisclie
Grraptolite from the Silurian formation under the name of

Schiehteusystem in Lomatocevas distichum. This he considers to be quite

Estlaud," 'Zeitschr. distinct from any previously noted species of this genus, on
f. Natur. u. Heilk. d. account of its being denticulated on both sides. He dismisses

_ ' ", „„ ' the matter of the affinities of the group in a single sentence :

Petersburg, Hfte. 1 rp,, ^ /^ •

^2
" '-^'^^ Lomatocerases or Graptolites are absolutely pro-

Ijlematical bodies, which can scarcely belong to the Cepha-

lopoda ; one might rather class them in a family among the Zoophytes."

1342. Two years later (1842) appeared Greinitz's first paper

Geinitz, on the Graptolites, entitled " Ueber Graptoliten." In this

" Ueber GraiDtoliten," paper he gives a diagnosis of the genus Graptolithus, and
'Neues Jahrbuch.' includes under it forms both with two rows and one row of

cells. He considers that all Graptolites actually consisted of two rows of cells spread

out in one plane ; the single-rowed appearance of some being due to the fact that

the two halves have got applied the one on the other. He does not think, however,

that the " animal could fold itself up (' clap itself together ') at will, owing to its

firm though thin shell." He describes and figures five species of Graptolites, viz.

GraptoUthus foliaceus (which may be a Betioliten), Gr. priodon, Gr. serratus, Gr.

scalaris (which is a Monograjytus of the type of M. Hisingeri), and a new form, Gr.

spiralis. Some of those which he grouped under a single name, especially his Gr.

spiralis, included more than one species as at present understood. The general

structure of the fossils, however, is well represented in his figures. Geinitz notices

in this paper the fact that the cells become larger and more closely set as the poly-

pary grows older.

Geinitz also discusses the affinities of the Graptolites. Ho suggests that they

bear great resemblance to the Chaetopods, but he does not definitely class them with

that group, and agrees Avitli Walch, Wahlenberg, and earlier observers in placing

them with the Cephalopods.

jg^.^
In the same year d'Orbigny (in his ' Voyage dans

D'Orhinny, I'Amerique meridionale ') figured fragments of a single branch

' Voyage dans only of a new species from Bolivia, which he named Gr.

I'Amerique mcridio- dcntatiis. According to him it is a two-branched form
nale,' t. m, pt. iv,

identical with Gr. foliaceus and Gr. Murchisoni. It is difficult

"^ ' to understand, therefore, why he suggested a new specific name,

b
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especially as lie considers that the specific names of G-raptolites have been too much

multiplied, varieties resulting from the efFects of " alteration and deformity " being

described as different species.

j^g42
Eichwald, in 1842 (' Die Urwelt Russlands '), described

Eichwald, and figured under the new name of Gorgonia flabelliformis the

' Die TJrwelt Euss- same form as had been previously described as a moss by von
lands.' Bromell, and as a monocotyledonous plant by Hisinger. Eich-

wald l^elieved, however, that it was the impression of a coral resembling Fenestella.

,g^2 III ^li6 same year Vanuxem noticed the occurrence of Gr.

Vanuxem, dentatus and Gr. scalaris in the Utica slates of America, and

'Geological Report of figured an example of the former species. He distinctly

the 3rcl District of advocates the vegetable nature of the Graptolites : " The
^^ *^' ^'

ramose nature of two of the species shows that their origin is

vegetable, not animal as conjectured by some naturalists. Their chemical com-

position confirms their vegetable nature ; no animal ever existed whose material

was almost entirely carbon, as is the case with these fossils."

ig,g The appearance of Portlock's ' Report on the Geology of

PortlocJc, Londonderry and of Parts of Tyrone,' which was published

' Eeport on tlie Geology in 1843, marks a distinct epoch in the history of our knowledge
of Londonderry and gf ^\^q Graptolites. His work, however, was rather pro-

Far s o yrone.
plietic than conclusive, for his own personal researches on the

various species of Graptolites, even when reinforced by the work done by previous

observers, were wanting in that knowledge of the details of structure which

Barrande subsequently obtained. But Portlock's acumen was so great that he

deserves a place second only to Barrande, and he may be regarded as the precursor

of the new era which Barrande subsequently founded.

Portlock describes and figures nine species of Graptolites : six of these had been

named by previous authors, namely, GraptoUtJius coiivolutus, Gr.foliaceus, Gr.folium,

Gr. iiristis, Gr. Sagittarius, Gr. scalaris ? whilst three

—

Gr. Sedgwickii, Gr. distans,

and Gr. tenuis—were new forms named by himself.

Portlock strongly advocated and endeavoured to demonstrate the polyp-like

character of the Graptolites, and he controverted the view that they were allied

to the Orthoceratites. The presence of septa may, he considers, merely indicate

the connection of the polyp cells with an internal axis. The double and single

Graptolites, according to him, seem more analogous to Sertularia and Plumularia,

but differ in having neither branches nor pinnse. The cell-like structure seen

in a scalariform view is analogous to that seen in the Cellaria. Portlock

considers that it is probable that there are several Graptolite genera belonging to

even more than one order. He does not, however, suggest new names for these

genera, and the species described are all grouped by him under the single old

generic name Grajitolithus of Linmeus.
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j^_^jj
During the same year Hall, while describing- a new

HaU, species

—

Gr. clintonensis—notes the fact that the shales in

' Greolof^ical Report of which Graptolites occur are black, as if from the carbo-

the 4th District of naceous matter derived from the fossils. This, he points out,

^^ ^^ ^'

would seem to argue against placing these bodies among the

calcareous Polyparia, but he does not suggest their alliance with any other group

of the animal kingdom.

1844,. In his ' Taconic System ' Emmons gives figures of certain

Emmons, fossils which he names Fncoides simplex from the roofing

' The Taconic System.' gjate of Hoosic, New York. These fossils, he says, " have

much the appearance of the Graptolites of the Utica slates, but which I am now

satisfied are marine vegetables." There can be but little doubt, however, that

Emmons' fossils are really Graptolites of the type of DqilograjJtus foliaceus of

Murchison ; but, owing to the cleavage that the containing rock has undergone,

the fossils present very different appearances according to their position on the

slab.

184<^_4 ^^^^ general view held by Americans about this time as to

Mather ^^^^ vegetable nature of the Graptolites was also endorsed by

'Geological Report of Mather in his ' Geological Report ' in 1843. Mather mentions

the 1st and 2nd Dis- that there are at least five species of these plants (Graptolites)

tricts of New Yor]c,'
j^^ ^j^g Utica slates, and that they also occur in the Hudson

^
'

River group, but he does not describe them. He copies

Vanuxem's figures of Gr. dentatns.

Owen, however, in a review of Vanuxem's work {op. cif.

1844. supra, 1812), points out the differences between the views of

^'^^"^' Vanuxem and those of the European geologists as to the
eview o le ew

^^QQioo-ical affinities of the Graptolites, and seems himself to
York Geological '^ ^

Reports," 'Amer. incline to those of the latter. He suggests that the carbona-

Journal,' vol. xlvii. ceous matter almost invariably found in connection with the

Graptolites " may have resulted from the pecviliar conditions

and circumstances attending their deposition;" and he asks, "might not, by the

action of some chemical affinity, the less stable elements of the Polyparia have been

removed and the carbon alone left?"

1845. In 1845 Boubee recorded in his paper " Sur les Graptolites

T, 1,
Bouh^, jgg Pvrenees " the occurrence of GraptolitJms Sagittarius in

'Bull, de la Soc. Geol. ^ j. ^

de France,' ser. 2, t. ii. the Silurian beds of the Pyrenees.

Murchison, de Verneuil, and Keyserling, in their 'Geology of Russia and the

Ural Mountains' (vol. ii), note the occurrence of Gh-apto-

MurcMson, de Verneuil, Uthus Sagittarius and Gr. distieltns in the Silurian beds of

and Keyserling.
^^^^^i^.

In the year 184G Geinitz, in a second paper on Graptolites, suggested the first
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subdivision of tlie forms tlien included under the genus
" Graptolithus. He divides tliem into (a) straiglit, and (h)

^ .
\'^ spirally curved forms. In the first group (a) he places (1) Gr.

' Gnmdriss der Vor- i J o i v / r v /

steinerungskimde.' foUaceus, (2) Gr. pvistis, (3) Gr. folium, (4) Gr. dentatus,

(5) Gr. priodon, (6) Gr. ludensis (with its variety Gr. virgu-

latus), (7) Gr. teretiuscidus (this he regards as synonymous with Gr. j^riodon and

Gr. Sagittarius;), (8) Gr. Sagittarius (which he believes to be identical with Gr.

scalaris), and (9) Gr. serratus. He refers to the two branched forms, Gr.

geminus and Gr. Murchisoni, and suggests with considerable hesitation that they

may be identical with Gr. Sagittarius and Gr. priodon respectively. In the second

group (h) he places only one species, Gr. convolutus. He figures a few of these

species, but some of his figures are merely copies of those of previous authors. His

figure of Gr. foliaceus clearly represents an example of Betiolites Geinitzianus, and

the network is well shown. He retains unmodified his previous views as to the

structure and affinities of the Graptolites (op. cit. ante, 1842).

In 1847 Hall described in his " Graptolites of the Inferior
1847.
„ ' Strata of the New York System " a number of forms of Grap-

" Graptolites of the tolites from the Utica slate and the beds of the Hudson River

Inferior Strata of the group. The species described and figured include five forms

New York System," identified by him with forms described or noticed by previous
' Palaeontology of New

authors, and eight additional species for which new names are

proposed. It is very doubtful if any of the forms referred

by Hall to species previously described are identical with those species. Thus his

(1) Gr. Jurist is (His.) is not Hisinger's form of that name; (2) Gr. scalaris, Linn.,

is mainly Climacograptus hicornis, Hall; (3) Gr. secalinus, Eaton, is an ally of

Diplograptus foliaceus, Murch., deformed by cleavage; (4) Gr. Sagittarius (His.) is

almost certainly an example of Didymograptus, as is also (5) Gr. tenuis (Portlock).

The new species described and named by Hall include (()) Gr. sextans, (7) Gr.

furcatus, (8) Gr. ramosus, (9) Gr. serratulus, (10) Gr. bicornis, (11) Gr.

mucronatus, (12) Gr. gracilis, and (13) Gr. Isevis. This last is not a- Graptolite,

but an alga or a worm track. All the figures are good, and nearly all the species

are recognisable.

Hall at that time grouped all these Graptolites under the single title Grapto-

lithus, which was the only genus then recognised, but several of them have

subsequently been made the types of distinct genera. Thus the forms there

described as Gr. hicornis, Gr. ramosus, Gr. sextans, and Gr. gracilis became the

accepted types of the genera Climacograptus, Dicranograptus, Bicellograptus, and

Goinograptus respectively.

Hall says little or nothing of the structure of the Graptolites, merely remarking

that they had a " semi-calcareous body with a corticiform covering." As regards their

zoological affinities, he considers that they have a close analogy with Virgularia

.
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Nimmo, in the year 1847, expressed his belief that Gr.

]S[;,i,„i(,
foliaceus is nothing more or less than the " serrated tail

' Calcutta Journal of spines of the llo/ja pastinaca/' or an allied species. Such

Natural History,' a theory, founded as it was upon the most imperfect

^"^ '^"^ knowledge of the structure of a Graptolite, hardly merits

serious consideration.

In 1848 Phillips and Salter recorded Graptolithus prisfis (?),

Phillips and Salter ^''' ^udensls, and Gr. Mnrchisoni (?) from the Llandeilo rocks

' Memoir of the of Western England and South Wales ; and in accordance

Geological Survey,' with the general opinion of the palgeontologists of that day,

'^"^- "• the Graptolites are placed by these authors among the

organisms then classed as Polyparia.

Sedgwick, in a paper on the ' Organic Remains of the

Sedgwick and M'Coy, Skiddaw Slates,' published the same year, records Graptolithus

" On the Organic saqittarius from the Skiddaw slates. In an appendix to this
Eeniains found in the

*

n^.n -, ^ if • /-y i

Skiddaw Slates," paper M'Loy describes and figures a new species, Gr. latus.

' Quart. Journ Geol. ji is clear from the figured example that Gr. latus was in all
SOC, vol. IV.

. .

^ ...
likelihood founded on a branch of a Dichograptid, possibly

the Dkiymograptas hirundo of Salter.

1849. In 1849, Bronn gave a list of the Graptolites known up

Bronn, to that time. These include GraptoUtJms convohdns, Gr.

' Geschichte der sitgUtarlus, Gr. prlodon, Gr. ludensis, Gr. SedgivicMi, Gr.
at.ui, vo

.

Ill, pai
. (Jistans, Gr. tenuis, Gr. dentatus, Gr. scalaris, Gr. disticJtus, Gr.

pristis, Gr. foliaceus, Gr. folium, Gr. teretiuscidus, Gr. Mnrchisoni, Gr. geminus.

As regards the position that the Graptolites occupy in the animal kingdom, he

classifies the Graptolithina as one of the sub-families or groups of the Anthozoa.

1849. Salter, in his " Note on the Fossils from the Limestone

Salter, on the Stinchar River, and from the Slates of Loch Ryan,"
'Quart. Journ. Geol. gives Hgures of seven species of Graptolite: Gr.foiium, Gr.

^^'' ^" ^'
pristis (which appears to resemble Gr. mucronatus), Gr.

pristis, var. foliaceus, Gr. ramosus, Gr. tenuis, Gr. sextans, and a new form which

he names Gr. tasnia. This last it is impossible to identify with certainty.

One of the figures given by Salter represents eighteen specimens of Gr. sextans

{Dicellograptus) apparently suspended on a branch of this so-called Gr. txnia. This

figure is of special interest from the modern point of view, as bearing on the

mode of life of the Graptolites ; but Salter himself does not draw any con-

clusions from the curious association.

1849. In 1849, Sharpe, in his paper on the "Geology of the

Sharpe, Neighbourhood of Oporto," notified the occurrence of

' Quart. Journ. Geol. Graptolithus Murchiso7ii? in association with Trilobites of

Soc' vol. V. Lower Silurian a^e.
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1849. In tlie same year Hall discussed the geological range of the

Hall Graptolites in America in some detail. He observes that

" On Graptolites
:
tlieir they are peculiarly typical of the Lower Silurian ;

" few are
Duration in <^^^_l^gj^^^^ known in a higher position, being less widely distributed and

in the IdentificTtion of ^^^7 limited in geological range." That is to say, there are

Strata," ' Proc. Amer. fifteen species found in the Lower Silurian, and three in the

Ass. for the Advance- Upper Silurian. Of these three species, two

—

Gr. clintonensis

meut of Science.' g^^j Qy^ vGnosus—are peculiar to America, and occur towards

the base of the upper division in the Clinton group, and the third

—

Or. Indensis—
at a slightly higher horizon.

He describes the new form Gr. venosus (which is now known to be a

species of Barrande's genus lietiolites) as " broad, with a central capillary

axis and serratures on both sides." The whole substance is finely veined or

reticulated, like the skeleton of a leaf. On account of its peculiar structure

he thinks it may " very well form the type of a new genus in the future." Hall

does not discuss the affinities of Graptolites fully, but as it is impossible to trace

the connection of these fossils with any living forms through the Devonian and

Carboniferous rocks, he is " disposed to question their analogy with the Sertu-

laridge or PennatulidEe."

In 1850 M'Coy gave a diagnosis of the family of the

,,' Graptolitid^B in the following words:—"Stem simple or
M'Coy, ^ or

" On some New Genera hi'^nched, thin, usually linear, horny, unrooted
;
polyp cells

and Species of Silurian divided at bottom by a transverse diaphragm." M'Coy was

Eadiata in the Collec- thus the first palaeontologist to draw attention to the " free
"

tion of the University nature of the Graptolites, and he points out distinctly that in

1' this particular they differ from the Sertularidae, "with which,
' Ann. Mag. of Nat. ^ ''

.

Hist. ' ser. 2 vol. vi.
however, they agree in the form of the polypidom and the

cells." His view of the presence of a transverse diaphragm

at the base of the cells was probably obtained from an examination of Lake

District specimens, as markings suggestive of septa were described later by

Hopkinson from similar material.

As regards the method of reproduction of the Graptolites, M'Coy acknowledges

that no ovarian vesicles have been found so far, but he suggests that the ova were

developed in naked sacs attached to the base of the tentacles of the polyps, and

hence were not preserved : this position of the reproductive organs would be

analogous to that in Corymorplia. His views, he is careful to point out, are much
the same as those previously published by Nilsson and Portlock.

An important advance as respects the classification of the Graptolites was made

by M'Coy in this paper, for he recognises that the structural differences between

the uniserial and biserial forms ought to be regarded as of generic value,

and suggests that the name Graftolites should be restricted to the former
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(the single-sided forms), and he proposes the now name Diplograpsis for those

GraptoUtes which have denticles on both sides. This suggested nomenclature Avas

soon generally adopted, bnt there has been considerable discussion among subse-

quent writers as to whether the original Graptolite described by Linngeus as

G. scalaris was not in reality a l^iserial form, and that consequently the generic

name GraptoUtes ought rather to be used for biserial than for uniserial forms.

M'Coy gives figures of three new species of Graptolites, namely, Gr. lobiferus,

Or. millepeda, and Diplogra2ms rectangularis. He does not, however, give any

description of these forms.

Nicol, in a paper which is mainly stratigraphical, de-

j^l^^j
scribed and figured a ncAV species of Monograptus, GrajitoUtcs

" Observation on the griestonensis. Descriptions are also given of Grai)tolites

Silurian Strata of the convolutns (which he Considers to be identical with Gr. sjuralis

S.E. of Scotland,"
j^j-^j]^ Q^^ ludensis), and a " foliaceous species " which, " if a true

guar
.

^

ouin. eo
. Graptolite, seems undoubtedly a new species." To this he

gives the name Gr. laxus. He points out " that it so closely

resembles some plants of the moss tribe (Hypnum) as to render its real character

doubtful."

Nicol gives a brief review of the opinions previously held by palseontologists as

to the true character of Graptolites, and asserts that while the general opinion is in

favour of their being Polyparia, he finds that some are carbonaceous, some

horny ; and he throws out the suggestion that these remains may have belonged to

animals of more than one class, and that " some of them may have been internal

organs, rather than the external axis of a variety of polypifer."

In 1850 Naumann gave four woodcuts of Graptolites, and

also figured seven species in an illustrative lithographic plate.

'T 1 -1 -h 1 -'r
^^^ these, however, are bad copies of figures taken either from

o-nosie '

vol. i.
Murchison's ' Silurian System ' (Gr. ludensis, Gr. MurcJiisoiii)

or from Geinitz's illustrations in the ' Neues Jahrbuch ' for

1842 {(Jr. foliam, Gr. convolutus, Gr. Sagittarius, Gr. priodon, and Gr. scalaris), and

they give no new information.

Richter's first contribution to the study of the Graptolites

jll^j^f^^.
was published in 1850, and dealt mainly with ({uestions of

" Aus cTer Thiirin- classification and structure. His classification is very similai-

gischen Grauwacke," to that suggested by Geinitz in ] 846. He divides Graptolites

' Zeitsch. d. Deut. geol. -j^^-q ^^^q groups: (I) curved (or single-toothed), and (II)

^^^ ' "
straight (or double-toothed) ; and suggests a possible third

class, or " closed." Under the first group (curved forms) he includes two species :

(1) GraptoHilms Sagittarius, of which he gives seven figures; and (2) Graptolithus,

species unnamed. Three of his figures of Gr. Sagittarius are probably drawings

of examples of Monograptus ci/plius, while three others are clearly of forms
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belonging to the Diplograptids. The species which he refers to as GraptoUthus,

sp., seems to be Barrande's Bastrites peregrinus.

In his second gronp {straight or double-toothed Graptolites) Richter includes

four species: (3) Gr. folium ; (4) GraptoUthus, sp., for which he suggests the new

name Gr. mucronatns (a name already preoccupied)
; (5) Gr. priodon, of which he

gives no figure, and which he thinks might belong to a third group—the dosed

Graptolites; and (G) G. scalar is, under which he apparently includes the two forms

usually known in recent years as Glimacograptas normaUs and G. rectangularis.

The figures given by Richter are for the most part good, and show well the typical

graptolitic structure. He notices such details of structure as (1) the alternating

arrangement of the cells in double Graptolites, a character which he considers

invariable
; (2) the thickening of the wall at the aperture ; and (3) the prolongation

of the virgula (or the " siphon," as he calls it) in a proximal direction. This last

phenomenon he holds may be explained either by the fact that the cells have

dropped off, or that they were very small during life.

Richter notes that the species of Graptolites described were all obtained by

him from the Silurian formation of the Thiiringer "VVald, in the neighbourhood of

Saalfeld, but gives nothing as to their further range or geographical distribution.

CHAPTER II.

Second Pekiod, 1850 to 1865.

1850. In the year 1850 appeared Barrande's epoch-making work

Barrande, on the ' Graptolites de Boheme.' This added so largely to

' Graptolites de our previous knowledge of the Graptolites, and was marked
Boheme. throughout by such an admirable method of treatment, sim-

plicity and clearness in the presentation of the facts, and brilliance of inference

and generalisation, that it gave an impetus to their study, the importance of

Avhich can hardly be over-estimated. The work is one of much detail, and it

will be best to discuss it in the order of arrangement that Barrande himself

adopts.

General Sections.

1. Nature of the Gra,ptoHtes.—Barrande considered that the evidence he had

himself accumulated as to the nature of the Graptolites Avas strongly opposed to the

view held l)y the majority of })revious observers, namely, that the Graptolites were
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allied to the Ce})lialoj)ods. He cites the following arguineiits in .su[)port of his

opinion :

(!) In some species there is a single roAV of cells, in others a double series.

(2) No Graptolite has a large terminal chani1)er like that of the Cephalopoda.

(3) Each Gra})tolite cell has its independent opening.

(4) Certain species of Graptolites were attached to the sea floor, as appears

to be evident from Hall's figures.

Barrande agrees with Nilsson that the Graptolites must be regarded as

belonging to the class of the rol3'paria, but that not enough is known to determine

exactly to what family they belong. He is inclined, however, to agree with

Dr. Beck that they should be grouped Avith the Pennatulinge, near the genus

Virgiilaria.

2. General Form.—As regards the general shajK^ of the Graptolites, Barrande

recognises only two structural forms, viz. (1) the single-celled species, (2) the double-

celled species ; the former being straight or curved either spirally or conically, and

the latter being always straight.

3. Solid A,r!s or Vircjula.—Barrande, although not the first to observe the

important body known as the solid axis, was the first to discern its invariable

presence in Gra])tolites, to describe its constitution, and to give it its name. He
Avrites, " Graptolites are always provided with a solid axis. This axis is cylindrical

and fibrous, and may be prolonged beyond the cellular part in certain mono-

prionidian forms {Gr. colonus). In the double-celled forms also the axis is

similarly prolonged, and is probably double, the tAvo portions possibly forming a

much flattened tube between the tAVO series of cells {Gr. palineus).'' He considers

it possible, judging from the upper part of the axis in Gr. palincus, that each of these

portions may consist in its turn of tAvo layers, Avliich have become separated by

decomposition. In (JladioUtcs, hoAvever, Barrande notes that he could discern

no true solid axis.

4. Coiiimoii Canal.—Barrande first applied the name of " common canal " to

that tube-like portion of a Graptolite Avhich lies betAveen the axis and the individual

cells. In the doul^le Graptolites there appear to be tAvo common canals, (juite

independent of one another, and Barrande gives drawings of cross-sections of

Gr. priodon and Gr. jMlmeus to illustrate the simple and double nature of this body.

In Gladiolites there is only one median canal. As regards the function of this

canal, Barrande is (fuite definite. He asserts that " this space enclosed the body

of the poly}), and from it arose the individual germs living in the cells." " It

served as a conveyance of connnon nutrition, and also as transport for the new

germs."

T). Gi'llnh's.—The individual cells, or cellules, are in intimate ctmnection

Avith the connnon canal, but each germ is individualised, and constructs a cell Avilh

solid Avails for itself. These cellules are inclined to the axis at various angles, are

c
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sometimes in contact for their whole length {Gr. colonm) or for part of their length

{Gr. yrhnloii), or they are quite free as in Rastrifcs.

In form, each of the cellules may be compared to " a small sac," the length of

which is always greater than the width, and is either rectangular or circular in

section. Sometimes they narrow towards their orifices, or they curve over in the

form of a hook {(iv. jifini^on). I^arrande considers that there is no douljt that the

wall between two contiguous cellules is double, and he represents this in his figures

of Gr. priodou.

Each cellule, according to Barrande, has two orifices :

(1) The mternal orifice, communicating with the common canal, and generally

subrectangular or round in shape
;

(2) The external orifice, which presents many variations in form.

He discusses the various forms of cell apertures in consideraljle detail, from the

simple straight apertures of Gr. bohemicns, which open upwards, through the

oblique and spinose ones of Gr. testis, etc., to the curved ones of Gr. p-iodon, which

open downwards. The apertures of several species are provided with spines, and

when two spines are present these are arranged either above and beloAvthe aperture

{Gr. cldmsera), or symmetrically on the lateral parts of the Ijorder {Gr. testis).

Barrande records all these spines or " ornaments " as " simple appendages of

the test."

6. Nature and Ornaments of the Test.—The solid test of the Graptolites is about

•1 mm. in thickness, and of a horny character. Barrande believes that it contains

little, if any, carbonate of hme, and is inclined to think that it is largely car-

bonaceous ; and ho points out that the black colour of the shales in which Grapto-

lites occur seems to confirm this opinion.

As regards the markings and superficial ornamentation of the test, he observes

oblique striations on some of the cells, but he does not appear to have realised their

vital importance as " growth-lines." Except in Gladiolites, the Graptolite test is

smooth and contiimous. With respect to the genus Gladiolites, which he was the

first to distinguish, Barrande recognises and describes with great accuracy the

peculiar network of threads forming the test, and is of the opinion that the meshes

were either open, or else closed by " a membrane chemically different from that of

Avhich the network is com})osed."

7. State of Presercation.—Barrande })oints out that in Bohemia tlie (]!ra})tolites

are usually preserved as impressions, but occasionally (in the limestones) they occur

in relief with the test preserved, Avhile in certain of the higher l)eds internal casts

alone are found.

The accuracy of the observations of Barrande, the breadth and lucidity of his

conclusions and (lescri])tions, and the beauty of his illustrations, make his work not

(inly :i cljissic, liiil nlso most- valiiahle For reference even at the present day. But

liari'ande s work, impDrtunt as it was, was only a stage in the progi'ess of grapto-
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litic rescnrcli, niid in tlie sul)j(>ct^5 treated of in the sul)se(|ueiit sections of liis nienioir,

Intel' ()l)servei's liave made eoiisideial)le advances upon liis (tiM^inal \ie\vs.

8. iMoih'. of (Iro/flh oj'tlLc (ir((i)luliles.^\\\\vv\\m\v^ viewoF the method of ^Towth

of the (Jraptolites is very different from that accejtted at tlie pi'esent (hi v.

Observing that the polyparj increased in width in one (the distal) direction and

decreased in the other (the proximal), he considered that the proximal part

with the smaller cells was the younger, or, as he termed it, the (/roiriiK/ pDrHoii,

while the widest part (distal) was the adult porHoii. He concluded that " the

growth of the polypary took place, therefore, by the successive appearance of new
'germs' at the narrow end." These germs are at first very distant (as in (Ir.

protciis), while in the adult portion they are in contact. He Avas therefore of the

opinion that the "elongation of the body of the polypary must have preceded the

production of any new germ. Thus this body would seem to have served as a canal

of propagation." Barrande, however, points out that there are at least two foreign

species in which such a mode of growth is impossible, viz. Gr. Miirchisoni and

Gr. gemiiiits. These consist of two branches united by a small terminal " stem."

In these forms lie seems clearly to have realised that the growth must be in the

opposite direction to that advocated by himself for the Bohemian forms.

Again, the fact that many single- and double-celled forms show a naked axis

prolonged l)eyond the so-called adult end, Bari'ande considers may be explained by

the " perishing of the older cells, one after the other, as the younger cells are

developed." The occasional prolongation of the axis also beyond the narrow end

of the polypary can, according to Barrande, only be interpreted by the " accidental

decomposition of the young cells after the death of the individual before fossilisa-

tion." Another difficulty, presented by the not infrequent decrease of the cells

towards the adult end, is also explained by him in the same way. Considering the

cautious deductions from facts observed in most of the other parts of this book, it

might appear strange at first sight that Barrande should have adopted so definitely

this theory as to the method of growth; but it must be remembered that at that

time the complex Canadian forms, in which such a mode of growth is demonstrably

impossible, had not l)een desci'ibed.

9. Mode of Existence.—As respects the mode of existence of the Graptolites,

Barrande only considers the single question whether the Graptolites Avere free or

fixed ; and he agrees with M'Coy that, as far as the evidence of the Bohemian

species goes, it is " very probable that they were entirely independent." There is

no evidence of adherence of Graptolites to rocks, as is the case with modern

Zoophytes and Molluscs. It would have been impossible for them to be fixed to

the ground by the growing portion, on account of its slender and frequently curved

character, and there is no evidence wdiatsoever to suggest that they Avere fixed by

the adult end. With regard to such forms as Gr. hicornis and Gr. Mnrchisoni,

hoAVCA'cr, Barrande considers that the invariahle presence of a "point" or
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" ])ivot "
iit one end scorns to iiulicatewitli fair eortaiiity a fixed mode of life. He

tlierefove concludes that it is ])rol)al)le that "certain (JraptolitiNs lived attached,

while otliei's floated or swam freely in the Silurian seas."

10. General Gharactos of the Family of the Graptolitcs.—Barrandc points out

that since tlie name Graj^folithus was founded on such forms as Gr. Sagittarius and

Gr. si'alaris, it should be maintained for all those species showino^ some analogy to

these; but ho suggests that the genus GrajdoUthvs shonkl be separated into two

sub-genera, viz. Monoprion, including those with one row of colls, and Diprion,

embracing those with two parallel rows.

As regards the curious Y-shaped form figured by Hall as Gr.ramosas, Barrande

is inclined to regard it as an accidental phenomenon produced by the splitting of a

Diprion form. He considers that the name GraptoUthns should be restricted to those

forms having their cells in contact, and he suggests the name of Rastrites for

those in which the cells are quite distinct from each other. (This last name has

become generally adopted, but the titles Monojjvion and Diprion have never come

into general use as generic terms.) Another new generic name proposed by

Barrande was that of Gladiolites for a Diprion form covered with a fine network

of threads, " and having no axis." His alternative title for this genus, Retiolites,

has been more generally adopted.

11. Distribution and Range of Graptolites in Bohemia.—Barrande deals next

with the distribution of Graptolites, first in Bohemia, and afterwards in other parts

of the world. In Bohemia the vast majority of Graptolites occur at the l)ase of the

(Upper) Silurian; some occur in tho lowest parts of the inferior limestone, Stage E,

but they become rarer in tho higher bods, and eventually disappear altogether

before Stage F. Regarding the loAvor limits of their range, there is no evidence

of their presence in the beds below Stage D, and therefore it is certain that in

Bohemia, at any rate, the Graptolites did not make their appearance until after tlie

disappearance of the primordial fauna.

As respects the kind of rock in which Graptolites are found, Barrande calls

attention to the fact that they are most abundant in shales, and rare in siliceous

rocks; or, as Murchison had previously put it, "the region of Graptolites is a great

region of mud."

Barrande notices especially the occurrence of Graptolites in his " colonies " of

Stage D, and indeed employs the Graptolites as evidence of his famous " Theory of

Colonies." The existence in the colonies of the same species as are found in the

mucli later Stage E, in association with those characteristic of Stage D, seemed to

him to afford a proof that the colonial organisms, including the Graptolites, were

"derived from a centre of creation (|uito different froin that whei-e the fauna

proper to Stage D took its origin ;
" and that collectively they wer(> forerunners,

so to speak, of a typical Upper Siluriaii fauna, which did not attain its maximum
development until a much latci- date.
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12. Disfi'ihiifiov (if (ir(ipfoHti-A ill Fiirciipi Goniiirioj^.—Rafraiidc disciisscs the

(|uestinii of tli(> tit'iKM-al disd'ibiitioii of (ii-aptolitcf^ at coiisidci'alik' Icn^tli, and i^ivcs

tlic I'osnlt of tlio I'csearclics of all ])i'('vious writei'S as to their raiii^c. Alllion^li lie

colloctod all the material obtainable on this subject, he content(d himself with

general remarks as to the range of the Clraptolites in time and space. His

conclnsions may be snnnned up as follows :—Graptolites belong- characteristically

to the Silurian system ; in England they made their appearance during the

period marked by the primordial fauna of Bohemia, reaching their maxinmm
development about the middle of the Silurian period,— that is to say, at the top of

the Lower and base of the Upper Silurian ; and dying out altogether in the Lower

Ludlow beds.

Descrlptirc Sections.

After giving a historical summary of the literature of the sul)ject, Barrande

devoted the rest of his memoir to the description of the various Bohemian genera

and species. Both the descriptions and the illustrative figures given by Barrande

were far in advance of anything done previously by graptolithologists, and the

descrij^tive letterpress of his work has remained a standard type for diagnosis down

to the present day. Several of the beautiful figures upon his illustrative plates,

however, are, in accordance Avith the practice of the time, either generalised from

more than one specimen, or somewhat idealised in the matter of detail.

But the state of knowledge of specific characteristics was then naturally inferior

to that of the present day, and some of his species included forms now acknow-

ledged to be specifically distinct. Thus under the name GraptoHtlms priodon

(Bronn) l^arrande not only included Bronn's typical form (PI. I, figs, o, 5— 9),

but at least three other forms also, which are now usually regarded as belonging

to distinct species, viz. Giirtogniptus MurcJiisoni (Carr.), Monograptus spiralis, var.

suhconicus (Tullb.), and Mono. Jaelcell (Perner, ' Etudes sur les Graptolites de

Boheme,' part 3). Again, the illustrations of his own species Gr. cohmus embrace

those of three distinct forms, of wdiich the most characteristic (PI. II, figs. 2 and 3)

is now by common consent regarded as that of the type species, while fig. 5 may
probably be assigned to the form at present classed as Mono, duhius of Suess, and

figs. 1 and 4 to Mono, vomerinus of Nicholson. Perhaps the most conspicuous case

is that of his Gr. Nilssoni, which he illustrates by three figures. Thesea re drawn as

if the specimens represented occurred together upon one and the same slab of rock,

but they are now known to have been obtained from different localities and from

different horizons (Perner, op. cit.). Fig. J 6 is now regarded as the type form of

Gr. Nilssoni; fig. 17 as a specimen of Gyrto. Lnndgreni ; wliile fig. 18 belongs to

Gijrfo. tv.Jndiferns of Perner.

The species of Graptolites identified, described, and figured by Barrande include

the (1) Mono, priodon and (2) Mono, spiralis of earlier authors, and the following
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forms wliicli A^'ore then new to science :— (o) Or. Nilssoni; (1) Or. colonus
; (5) Qr.

bohemicus; ((>) dr. Eoemeri; (7) Or. turriculatus
;

(S) Or. Becki ; (*>) Or.

proteus; (1(») Or. Halli; (11) Or. testis; (12) Or. palmeus, var. lata and var. tenuis;

(13) Or. ovatus
; (14) (/;. chimaera

; (15) BaMritcs fugax; (IG) E. peregrinus
;

and (17) 7i'. gemmatus. Little or no donbt is left as to the specific cliaracteristics

of most of these forms, and they are easily recognisal)le from Barrande's descrip-

tions and figures.

In the description of his (18) Or. tectus and (19) Or. nuntius, Barrande enters

into a lengthy explanation of the various aspects that the cellules may assume

according to the direction of compression. Thus he shows that specimens of

Graptolites apparently biserial may really be the compressed scalariform views of a

uniserial form. Here, however, Barrande's inference, correct as it was respecting

Graptolites in general, led him occasionally astray, and he erroneously described a

true biserial species, viz. his Or. tertiu^, as a uniserial form.

Barrande described the structure of his remarkable new genus, Oladiolitr.s

(or Beliolites), and its type species (20) 0. Geinitzianus, with special care

and accuracy of detail. The median filiform axis visiljle in some specimens he

holds to be part of the external network, and not to represent a division

between the two series of cellules, for it is often discontinuous. As regards the test

of Retwlites, Barrande considers it is very improbable that it was continuous as in

other Graptolites, but the network might, perhaps, have been covered by a thin film.

Barrande's brilliant memoir acted as a great incentive to the stndy of indi-

vidual G rapt elite species, and since its pul^lication papers on this subject have

been numerous. His clear presentation of the different specific criteria trained

the eyes of those who immediately followed him, and for the next twenty to

twenty-five years research was mainly in the direction • of the collection and

description of new species ; and side by side with this some important additions

were made to our knowledge of the structure, mode of life, and zoological position

of the Graptolites. The detailed study of their geological distril)ution was, however,

somewhat neglected, and was not taken up until a much later date. This was, no

doubt, owing largely to the fact that graptolithologists, fascinated by the brilliance

of Barrande as a paleontologist, naturally accepted also his ideas with respect to

migration and colonies, unaware that stratigraphy in the Lower Palaeozoic rocks

had not yet advanced to that degree of detail by means of Avhicli it was possible

to interpret correctly the complexities of the Bohemian succession.

In 1850 Verneuil noted the occurrence of Or. colonvs and
'^^-

Or. testis in the Ampelite schists of Neuvilette (Brittany).

<-r>n c r^'' ^ . Tlicsc arc iucluded iu liis " sccond fossillfcrous stagc." In his
' Bull. Soc. Geol. dc

_

-

Fraiifo,' vol. vii,
" third fossiliferous stage," the representative of the Upper

Silurian, he records Or. jrriodon as being the most common
species.
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Immediately after the api)earaiice of Barraiide's memoir

g^^^.gg
on tlie Bohemian Graptohtes, Sness ])ublis]ied tlie rcsnlts of

" Ucber BohiuisclKj ^li''^ own researches on this subject. His lahours covered

Graptolithen," nnich tiie same ground as tliose of Barranck' ; Ijut liis

' Naturwisseusc'li. Ab- paper, though long and detailed, did not materially advance
haudl. von HaidiugcT,'

^|^^ gubiect beyond the point to which Barrande's researches

and conclusions had already brou.ght it, and the figures upon

the })lates wliich illustrate his paper are indifferent. We may here notice those

points respecting which Suess added to or differed from the results already arrived

at by Barrande.

Mode of Existence.—In dealing with the character of the rock in wdiicli tJie

Graptolites occur, Suess points out that the shales are often very carbonaceous, and

frequently contain balls of anthraconite, and he suggests that these balls may have

been formed l)y the I'olling in the mud of the remains of marine plants. This is

interesting in the light of later opinion concerning the mode of life of Graptolites,

and the recent view that they were attached to seaweeds.

Chissijirafinii.—As regards the classification of the Graptolites, that of Suess

differs consideraljly from that proposed by Barrande. He suggests that there are

only three genera, viz.

—

1. lletiolites (in Barrande's sense)

;

2. PetaloIWius (including the sub-genus Dijn-ion of Barrande and the sub-genus

Dijilograpsis of M'Coy)
;

3. Graptolitlms (embracing forms having only one row of cells). This genus is

subdivided into three sub-groups, namely, those having

—

{(t) a strong axis bent into a fixed curve in one plane, and their cells always in

contact ((tt. holieniicns)
;

(h) an axis at the older end bent into a definite conical screw line ; at the

younger end thread-like ; cells in contact when fully developed, not in young stage

{Gr. profi'us)

;

(c) an axis thread-like and curved; cells not in contact (Ba.^f riles).

He agrees with Barrande (and is even more consistent in this respect) in con-

sidering the narrowest end of the polypary as the younger, and therefore always

figures it Avith that end uppermost.

Structure.—Suess described the genus lletiolites and its species It. Gciuitziaims

in nmcli detail, but his explanation of its structure is markedly different from that

of Barrande. According to Suess, the axis, which is " sometimes disthict, sometimes

almost invisible, not rigid, but flexible," gives rise to alternating secondary branches

at regular intervals. As the polypary increases in size, interspaces appear between

the secondary branches, and these are formed by the splitting of the branches into

two parts from the centre towards the outside. These interspaces arc then

divided l)y five or six strong transverse walls at right angles to the secondary
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brandies. Tlicse smaller divisions constitnte true " cells." In tlie widest part of

the polypary the branches may split as often as fonr or five times. Suess admits

that it is somewhat difficult to understand how the transverse walls bounding the

"cells" were produced. The genus lictloHies is distinguished from PdaJolithus

{Dlprion, Barr) by having its secondary branches united by a distinct cell system

instead of by a membranous substance.

Descrljyfion of Sj)eci<'S.—In addition to (1) RclLulitcs Gcluitzlanns (which Suess

regards as synonymous Avith Fuco'uJes (Iciitdliix, Brong., (Jr. pridis, Gr. scalaris,

Gr. folia cea-f, Gr. secahnui^, and other biserial forms) Suess describes and figui-es

a new form under the name (2) Retiolitrs grandis. The individuality of this

last-named species was not recognised by subsequent writers until a comparatively

recent date, when Tullberg made it the type of a new genus, Stomatofjraptiis, but

his interpretation of its structure is very different from that of Suess. Suess con-

sidered it to be distinct from liet. Geinitziaiuis on account of its larger size, the

peculiar form of the outer margin, and the small vertical distance apart of the

secondary l)ranches ; while Tulll)erg distinguished it because of its median row

of " pores."

Under the description of his new genus Petalolithus Suess notes the prolonga-

tion of the solid axis at both ends, and agrees Avith Barrande that it is very probable

that the cells have fallen off these naked prolongations. He makes a great point of

the alternate or opposite position of the secondary " branches," and thinks it is due

to subsequent movement or disturbance. He considers that it is possible to recognise

in Petalolithus something akin to the cell system in RefioJiies, and suggests that in

Petalolithus " those parts which take the ])lace of the cell system in Rrliulitc-^

consisted of a skin-like substance provided with stomata (?)."

He divides tlie forms assigned to PetaloUiJtiis into two groups :

{(i) those in which there is a decrease in width at both ends of the polypaiy,

l)roducing a characteristic oval shape
;

(b) those in which the distal walls are parallel.

The following species of Petalolithus are descriljed and figured :

(3) P.imlmeus; (4) P. ovatas ; and a new species, (5) /'. parallelo-costatus.

The structure of the genus Graptoli.fluis (Monopruui) is next discussed, and he

considers that the axis in Grujifollfhus is tulje-like, and not solid as Barrande had

stated.

Ill his first groiqi oF the genus Grapiolitliiis Suess includes forms like Vrioiiotas

grjiiiiiiis, Gr. ramosiis, etc. (which, according t(j him, had tlie power of branching

dichotomously), and describes (0) Gr. jiriodoit ; (7) Gr. hvlicinlrus ; (8) Gr.

,^('rr<iliis (which he l)elieves to be identical with Gr. (leiitfifiis, Gr. Rnemeri,

and (Ir. Idhis); (9) Gr. teslls (the structure of the a])erture and spines of

whieli he descrilies in great (h'tail); (1(>) Gr. hvrl.s (Hall) (Suess' figure of tliis is

possibly a l)ranclied form— a Cijrhiijrapl us,— ])nt (piite unidentifial)le from his
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drawings); (11) Gr. SedgwicJdi; (12) 6V. txidus ; (13) (//•. BccM; (14) Gr. Nilssoni

;

(15) Gr. convolutus (?). Under the name (16) Gr. colonus (Barrande) he figures

several specimens which probably represent various aspects of Mono, vomerinus

(Nicholson). In addition to these forms, which had been already described l)y

previous authors, Suess figures two new species in this group, viz. (17) Gr. dubius

and (18) Gr. falx. Of these, however, only the first is identifiable at the present

day as a distinct species.

In his Group 2 (Graptolitlnis) Suess describes (19) Gr. tarriculatus ; (20) Gr.

protens, and a new form (21) Gr. armatus.

In his Group 3 (Bastrites) he includes (22) (Jr. LiniuBl ; (23) Gr. far/nx

;

(24) Gr. j^eregriuns ; and a new species, (25) Gr. Barrandei.

jggj
In 1851 Richter published a second paper, entitled

Eichter,
" Ueber Thiiringische Graptolithen." This paper is supple-

"Ueber Thuiingisclie mentary to the one previously published by him in 1850, and
Graptohtheu," while the views of Barrande as regards the structure of the

„, ^ ,
.'..'' Graptolites are, to a large extent, incorporated in it by Richter,

G-esell., Bd. HI.
'

, . i-n t i i in
they are m many particulars amplified by the results and con-

clusions drawn from his own researches.

The paper contains a descriptive list of species obtained by him from the Alum

shales of Thiiringia, viz. (1) Gladiolites Geinitzianus ; (2) Dijmon palmeus ; (3) D.

ovatus (Avhich he regards as probably only a variety of D. palmeus or I), folium.) ;

(4) Gr. priodon ; (5) Gr. colonus ; (6) Gr. Beclci ; (7) Gr. nuntius ; (8) Gr. Halli ;

(9) Gr. hohemiens ; (10) Gr. testis ; (11) Gr. chimsera ; (12) Gr. proteus ; (13) Gr.

turricidatus ; (14) Bastrites gemmatns ; (15) B. Linnseij (16) B. peregrinus.

Richter confirms Barrande's views on almost all points of structure, and, in

addition, he draws attention (simultaneously with Scharenberg) to the special

organ now known as the " sicula " (Lapworth), which he calls the fnss (foot, base,

or pedestal). His figures (1 to 3) represent it as being jointed. He regards

it as a " prolongation of the axis," generally directed upwards, but occasionally

downwards (Biprion folimn). In Gladiolites and Diprion it is always bodkin-

shaped ; in Bastrites spindle-shaped. If this organ is actually a " foot," then

he considers Barrande's and Suess' view that the thinner end of the polypary

is the younger, and the wider part the older, must be erroneous. He believes

that the skeleton of the polypary probably possessed little or no rigidity, and

therefore that the form of the polypary, except in Gr. turricidatus, was not

constant.

Mode of Occurrence.—Richter draws attention to many interesting facts bearing

on the mode of occurrence of the Graptolites. He points out that they always lie

on the surface of the rock, and are never found upright or traversing the sliale

;

and that they are generally arranged quite irregularly—implying, apparently, that

they did not live fixed in the mud where they are now found. According to

d
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Ricliter, tlio occurrence of sucli numbers of specimens on tliese extremely thin

layers of rock indicates that the Graptolites were very short-lived, and that the

fact that they gradually disappear as the Alum shales thin out, shows that they

were confined to deep water.

A remarkable paper published by Scharenberg in 1851,

c, , ,' which may be regarded in a sense as a direct outcome of

' Ueber Graptolithen, Barrande's memoir, is of great importance, the author

mit besonderer Beriick- criticising fully the observations and views of Barrande in

sichtigung der bei the light of his own researches among the Graptolites from
Christiania vorkom-

^j^^ Christiania district of Norway.
menden Arteu.' t. , , , . ^ . . ^ , ,

Vescvvption oj tSpeaes. — In this paper bcharenberg

describes and figures six species : (1) Gr. geminu>f, (2) Gr. vinjnlatiis, (3) Gr.

folium, (4) Gr. teretlusculus, (5) Gr. Barrandei, and (6) Gr. personatus, of which

the last two only are new. The figures are conscientiously drawn, every

imperfection being represented, and are consequently most valuable. But the

extreme caution by which not only the figures, but also all the details in his

work are characterised, leads him to include under one specific name several

forms now regarded as specifically distinct (although, on the other hand, his

own two supposed new species cannot be sustained). Under the name of Gr.

teretiuscidus he included at least two distinct species. One of these is the character-

istic Arenig-Llandeilo species of Glhnacocjraptus (subsequently named after him by

Lapworth as G. Schareubergi). The specimens described by him as Gr. folium

are examples of riiyllograptus.

Sjoecific Griteria.—Scharenberg prefaced the descriptive portion of his work

by a careful analysis of the most important points to be considered in distinguishing

different species. As these are of considerable interest, they may here be briefly

considered.

1

.

Length of Stijje.—According to Scharenberg this character is not of much

importance, owing to the fact that it is difficult to determine when the specimen

is complete, and that even fully grown specimens of one and the same species may
vary much in size.

2. Width of 8ti2Je.—On the other hand, Scharenberg considers that there is

a practically constant relation between the width of the cells and the common
canal.

8. General Form of the rohjpdnj.—Scharenberg regards this character as one

necessitating extreme caution in its interpretation, concluding his remarks on the

matter as follows :
—" The determination of a species founded on the outer form of

a Graptolite is only trustworthy when there is only one row of cells, and tliese

cells are distant (Bastrites) . Teeth, denticles, and appendages of the cell must be

considered as distorted or falsely shaped cell apertures, until their normal condition

has been proved with certainty in Avell-preserved specimens, in the same way as
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Barraiule lias done in tlie case of Gr. prlodoa and (Ir. colonu.s.^' So anxions Avas

Scliarenljerg to avoid any confusion between normal and abnormal appearances,

that it led him into the opposite extreme of misinterpreting- several constant

specific characters, and attributing them either to the results of deformation or to

the special mode of preservation.

4. Existence and Direction of Axis.—Scharenberg disagrees emphatically with

Barrande's view that the axis is never anything more than a single solid cylinder,

the sam? in a Diprion as in a Monoprion form. He explains the curious double and

vesicular appearance of the axis in some of the specimens of the D. pahneus as

figured by Barrande, by the theory that it not only represents the true axis itself,

but also a part of the common canal, from which the cells have been torn off before

fossilisation. In the case of Hhe two-branched forms, such as Gr. geminus,

Scharenberg points out that the axis must have divided or branched during life.

In all double (Iraptolites he thinks that the axis is invariably straight, while in

single-rowed ones it may assume almost any form. He does not consider that the

form of the polypary is constant in each species, except perhaps in the case of Gr.

turriculatus.

5. The Texture of the Graptolite Stipe.—Scharenberg points out that this

character would be of the greatest importance in determining species if it could be

ascertained ; but, unfortunately, it can very rarely be observed. In the case of

Gladiolites, its peculiarities quite justify this form being made the type of a new

genus. He observes the horizontal grooves and markings (growth-lines) on the

cells in certain specimens of Grap)tolithns as " small thickened rings, like the

texture of many snail shells;" but, like Barrande, he does not suggest that they

are growth-lines.

G. Niu)d>er of Cell Bows, and the Angle which the Cells make with the Axis.—
Scharenberg does not regard either of these characters as of much systematic impor-

tance. He holds that Barrande's separation of the Graptolites into Monoprion and

Diprion sections is also of little value, owing to the difficulty of determining in

scalariform views to which division a specimen belongs.

7. The Inclination of the Cells to the Common Canal, and their Direction.—
These characters are of great moment, especially in those forms in which the cells

are in close contact.

8. Tlie Distance of the Cells apart from each other.—This is also a reliable

method of distinction of species ; but Scharenberg does not agree with Barrande

that it is of generic value, as in the case of Bastrites.

9. The Form of tlie Cells and their Apertures.—This is " undoubtedly the most

important criterion for the distinction of species."

10. The Breadth of the Common Canal in Belation to the Length of the Cells.—
This is a character which deserves more attention than it has hitherto received.

The most important })art of Scharenberg's paper is the general preface, dealing
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with tlie classification, structure, and mode of life of tlie Graptolites, for in these

particvdars Scharenberg added very considerably to the oljservations made by

Barrande on the subject.

Classification.—As regards the classification of the Graptolites, he considers

that Barrande's suggested division into Monoprion and Diprion is quite inade-

quate, for it excludes all the l)ranching forms, such as Gr. f/cDiiiins, Gr.

sextans, etc., of the existence of which he himself has no doubt whatsoever.

Bronn's (? Richter's) classification into spiral, straight, double-row, and twin-

like forms Scharenberg regards as better, but nevertheless not quite satis-

factory, as many Graptolites are at first curved and then become straight. As

Gladiolites has no distinct axis, and its structure is so peculiar, and withoxit

parallel, Scharenberg considers that it should be separated from the Graptolites

altogether.

Structure.—From the structural point of view, Scharenberg's views as to the

development of the Biprion forms are of interest. They were antagonistic to

those previously held by the majority of graptolithologists, but they have sub-

sequently been more or less confirmed by modern research. He points out that in

Biprion the cells alternate without exception. " It may be concluded from this

that in the development of these animals two cells never arose at the same time,

and consequently there is no essential difference between the Graptolites which are

distinguished as having one row and those which have two rows of cells."

As regards the nature of the skeleton of the Graptolites, Scharenberg agrees

with Barrande that it was horn-like, and that it possessed a " high degree of

flexibility; " but owing to its easy destructibility, Scharenberg, as has been already

mentioned, considered that many original characters, such as spines at the cell

apertures, etc., were merely the result of decomposition.

Affinities.—With respect to the afiinities of the Graptolites, Scharenberg held

that they were most closely allied to the PennatuliJai. He pointed out, however,

as did Prout in the same year, that they differed from the Fennatidiclce in having

an external and not an internal skeleton.

Mode of Grmuth.—Scharenberg strongly criticises Barrande's views as to the

mode of groAvth of the Graptolites. He considers that many, especially the

branched and double-rowed forms, were fixed in the mud by a kind of " stem," and

that consequently the cell apertures opened upwards. If this were the case, then

the narrow end, instead of being, as believed by Barrande, the youngest, must be

the oldest part, and growth must have proceeded from below upwards. This

special mode of growth would indeed be analogous to that in the Pennatiilida', to

which the Graptolites are closely related. He also points out, in support of this

view, that the narrowness of the polypary does not necessarily imply that the

smaller cells are the youngest, for in some species {G. ovatus) the poly])ary narrows

at both ends alike.
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Genus TETRAGRAPTUS, N' J/ r.

863. Tcf ragrapsns, Siiltcr, "Note ou the Skiddaw Slate Fossils," Quart. Jouru. Geol. Soc, vol. xix,

p. 137.

J-'ol i/J>'ir// hilateraWy Hymrnvtvica], consistino- of four uuiscrial main stipes, Avliieli

are produced l)y dicliotouious division from a, primitive " J)i(li/iii(i</nijitns

sl(i(je ;
" these stipes may grow upward, outward, or downward.

Tliccx.—Sim})le cylindrical or subcylindrical tubes expanding slightly in the

direction of their apertures, inclination variable, usually in contact for a

considerable portion of their length.

The polypary is characterised by the i)ossession of stii)es of two orders oidy.

Those of the first order are short, and constitute together in this genus the

" funicle " of the earlier authors ; those of the second order are long, and form the

four main stipes of the polypary. These four main stipes may ultimately grow

in different directions in the several species, but they invariably originate in a

primitive iJulyviograptus stage, which is usually horizontal.

The earliest tlieca develops fi'om the sicula in a manner precisely similar to

that described for BiihjDiogro^jfus {anfc, pp. 6, 7). It may originate (a) near the

apex of the sicula {T. Bigshgi), or (h) close to the apertin^e itself ('/'. quadribra-

ckiatiis). The crossing canal and second theca are also developed on the Didgino-

grajdus plan. After the development of one or more thecEe, however, a dividing

wall (see Fig. 40 a) makes its appearance in each young stipe ; and hence from one

theca on each stipe two theca3 are developed. These grow apart from each other,

and originate two stipes on each side of the sicula, instead of one only, as is the

case in DldAjmograptiis.

The Didijmograptus stage is invariably short-lived, but it seems to persist longer

in some forms of Tetragraptus than in others. In T. Bigshyi, for example, as Holm

has shown (' Geol. Foren. Forhandl.,' vol. xvii, p. ol9), the dichotomous division takes

place in the two thecal which are first developed (tli. V and th. 1-) ; and thus the

two stipes of the first order are reduced to a mininmm as regards their length;

while in such a form as T. qiiadribnichiatus the earliest thecee remain undivided,

and the second or third thecas on each side of the sicula (th. 2^ and 2- or 3^ and 3")

undergo division ; so that the stipes of the first order in the former case consist each

of one theca, and in the latter case of two or of three thecse. After division the

development and growth of the four main stipes proceed in the normal manner of

those of Didijnwgraptas.

The Tetragrapti, like the J lidi/iiKigntjili, fall into natural sei'ial groups,

according to the ultimate direction of their stipes; thus we have a horizontal

8
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series, a reclined series, a dependent series, and, if we include the genus Fhyllo-

(jrapius, a scandent series.

The genus Phyllogrnptiis, which is chai^acterised by the possession of four stipes

of the type of those of TelrmjrapUis, but conjoined by their dorsal margins, has

hitherto been regarded as a distinct genus, and by some even as the type of a distinct

family. Recent discoveries, however, have shown a practically complete gradation,

l)otli in the mode of development and in structure, between Phijllogvaptus and

Tcfnujrapfvs. In this work we retain Phi/llotjraptKS as a genus, on account of its

cliaracteristic habit—which is that of a Diplograptus,—but we group it as a member

of the family of the Dichograptidae (see postea), and we leave to future research

the possible demonstration that it is more naturally classed as a scandent Tetra-

graptid.

The species here included in the horizontal, dependent, and reclined serial groups

of Tetvagraptus are as follows :

Horizontal Series.—Group I.

Dependent Series.—Gkouj' II.

Giiour III.

Reclined Series.—Guoir IV.

Giioup V.

Type T. quadribrachlatvs.

T. quadrihracltiatns.

T. crucifer.

T. Headi.

T. Amii.

Type T. fruticosiis.

T. fraiicosus.

Type T. pendens.

T. pendens.

T. Postlothivaltu.

Type T. serra.

T. serra.

T. reclinatus.

Type T. Blgshyi.

T. Bigshiji.

HoKizoNTAL Series.

Tetragrapti with t\V(j pairs of approximately straight and hori/>untal main
stipes, which make an angle of divergence of 180° with the line of the nema.

Grou]) 1.—Type T. (jnadrihrachhttiis.

Tetragra})li in which the main stipes are spread out in a horizontal plane;
they are commonly several centimetres in length. Their thecic are inclined at

high angles, and are in contact for the greater part of their length.
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Tetragraptus quadribrachiatus (Hall). Plate V, figs. 1 n—d.

1858. Grapfolithus cpfadribrachiatu.% Hall, Geol. Survey Canada Rep., 1857, p. 125.

1863. Tetragrapsus crucialis, Salter, Quart. Journ. Geol. Soc, vol. xix, p. 137, fig. 8 6.

1865. Grapfolithus quadribrachiatus, Hall, Grapt. of Quebec Group, p. 91, pi. v, figs. 1—5, pi. vi,

figs. 5, 6.

1868. Tetracjyapsiis qitadribrachiains, Nicholson, Quart. Journ. Geol. Soc, vol. xxiv, p. 131.

1874. Tetragraptus quadribrachiatus, Etheridge, jun., Ann. Mag. Nat. Hist., ser. 4, vol. xiv, p. 1.

1875. Tetragrapitus quadribrachiatus, Hopkinson and Lapworth, Quart. Journ. Geol. Soc, vol. xxxi,

p. 649, pi. xxxiii, figs. 9 a, b.

1877. Graptolithus {Bidymograpsus) quadribrachiatus, M'Coy, Prodronius Pal. Victoria, pt. 1.

1898. Tetragrapitus quadribrachiatus, Elles, Quart. Journ. Geol. Soc, vol. liv, p. 485.

Main stipes 2'5—7*5 cm. in length, approximately straight and rigid, somewhat

slender at origin, bnt increasing gradually up to a maximum width of

2*6 mm. Theca? ten to nine in 10 mm., inclined 30° to 40'^, four times as

long as wide, free one half to one third their length. Apcrtural margins

normal, straight, or with slight curvature.

Description.—The stipes of the first order are short, and occasionally enclosed

in a disc, though this is often absent. The main stipes may attain a length of

7"5 cm. They increase in width from al)out 'G mm. at their origin to a maximum

of 2*0 mm. Smaller examples of the species whose width is P2 — P5 mm. are

of commoner occurrence.

All details concerning the structure of the proximal end are obscure in our

British specimens, but it appears certain that the dichotomous division of the

stipes of the first order does not take place until at least two thectfi have been

already developed on each side of the sicula. The apertural part of the sicula

is all that is usually seen.

Each theca measures about 1*6 mm. in length,
Pig. 34.

—

Tetragraptus qtiadribracM- ,, ^ n • t i j.i j i i

atus. Hall. the outcr wall IS slightly curved, and, as a general

^;-vp ;: -v ^^^-^.y> ^
V rule, each theca is free for about half its length near

"^^^^"^^V t,l^e proximal end of the polypary, but rather less

Distal thccK. Enlargement of part of distally, and in large specimens for not more than

one third its length. It is, however, often very

difficult to determine any of the characters of the thecae in the proximal parts of

the main stipes, since they are generally preserved with their apertures embedded

in the rock, and thus only the dorsal walls of the stipes are presented to the

observer. The apertural angle, though typically 90°, varies with compression

from 95° to 100^



58 BEITISH GRAPTOTJTES.

Jjjinifii'.'i.— 7'. qiuidrihyiichiiifufi is a cliaracteristically slender species; it may be

regarded as allied in general form to 7'. Ifcudl and T.crucifer ; indeed, it is probable

that many of the larger and wider forms often erroneonsly referred to T. quadvl-

hrachiatus should be relegated to T. cnicifer, from, which T. quadribrachiatas differs

chiefly in the width of its stipes. It is distinguished from T. Headi in the

character of the proximal end and l)y the form of the thecge. The presence or

absence of a disc, in our opinion, is not a character of specific importance.

Horizon and LocaUti('s.—Middle Arenig, Middle Skiddaw Slates (Middle and

Upper beds).

LaJie District : Barf ; Outerside ; Bassenthwaite Common ; Randal Crag,

Skiddaw; Carlside Edge, Skiddaw ; Scawgill; Scale Hill, Crummuck ; N.E.

Grisedale Pike; Raven Gill. I^t. David's District: Whitesand Bay. ;S'. Scotland :

Bennane Head, Ballantrae.

Associates, etc.— T. qnadi'ihrachiatus is found in the Skiddaw Slates associated

with T. crucifer, Didymog. Nicholsoni, D. (jibhervhis, Azygog. snecicus, and CnjiAog.

Ilojil'iitsoni. It is seldom well preserved; the best specimens known to us come

from the Skiddaw Slates, and are in the collections of the Woodwardian Museum,

the Keswick Museum, and in Postlethwaite's private collection.

Tetragraptus crucifer (Hall). Plate V, fig. 2.

1858. Oraptolitliits crucifer, Hall, Geol. Survey Canada Rep., 1857, p. 125.

] 865. Graptolithiis crucifer. Hall, Grapt. of Quebec Group, p. 92, pi. v, fig. 10.

1865. Tetragrapsus crucifer, Nicholson, Quart. Journ. Geol. Soc, vol. xxiv, p. 144.

1898. Tetragraptus crucifer, Elles, ibid., vol. liv, p. 488, fig. 12.

Main stipes long, about 8 cm. in length, approximately straight and rigid, but

widening rapidly to a maximum width of 4 mm. Thecse about eight in

10 mm., inclined at 45°, four times as long as wide, and having a length

of about 3—4 mm. ; in contact for three (piarters tlieir extent. Apertural

margins normal, concave.

Description.—^A suiall disc generally encloses both stipes of the first order, which

ar(> short, and also the proximal ]:)ortions of the main stipes. In shape this disc,

while i)i-ol)abIy oi-iginally square in form, is commonly oblong after compression,

averaging 7 by 5 mm. ; it is almost invariably slightly prolonged up the stipes.

Details of the plan of structure of the jjroximal end have not been observed,

and the thecal characters are also obscure.

Ajfinities.—In general foi-m 7'. crucifer resembles both T. (/nadriltracJiiatiis and

T. Headi. As already ])ointcd out, it seems probable that the larger and wider

forms often referred lo 7'. quadritiracfiiatns would ])e more legitimately included in
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the present species. T. criicifcr may be distinguished from T. Ih-mVi l)y tlio form

of tlie proximal end, and tlie slightly different characters of the theca?.

Ih>ri::(>ii (iitd LocaliJi/.—Arenig, Middle Skiddaw Slates (U})per l)eds).

LaJiC iJistrict : Barf, near Keswick.

AsHociales, etc.— T. crucifrr occurs associated with Az. snericus and T.

rpiadrihrachiatHs.

The most characteristic specimen of this species known to us was found by

Postlethwaite in the SkiddaAV Slates of Barf, and is now in his collection.

Tetragraptus Headi (Hall). Plate V, figs. :3 a, h.

1858. GmptoUthys Headi, Hall, Geol. Survey Canada Eop., 1857, p. 127.

18G5. Craptolithus Headi, Hall, Grapt. of Quebec Group, p. 94, pi. vi, fig. 8.

1868. Tetra(jrapsus Headi, Nicholson, Quart. Jouru. Geol. Soc, vol. xxiv, j). 131.

1877. GraptoUlhus (Didymograpsus) Headi, M'Coy, Prodromus Pal. Victoria, Dec. v, p. 39, pi. l.

1898. Tetragraptus Headi, Elles, Quart. Jourii. Geol. Soc, vol. liv, p. 486, fig. 11.

Main stipes 5—20 cm. in length, approximately straight and rigid ; somewhat

slender at origin, but increasing in width to a maximum of 3 mm. A large

disc generally present. Thecae nine to ten in 10 mm., inclined at 40^,

three to four times as long as wide, in contact for more than three quarters

their length. Apertnral margins normal, concave, with mucronate den-

ticles.

Dp^cription.—In the forms which have a disc the stipes are preserved, as a rule,

with the dorsal side uppermost, though in exceptional cases the thecae are visible.

In those examples, how^ever, which possess no disc, the profile view of the thecae

is well seen. The stipes of the first order are exceedingly short—shorter, in fact,

than in either of the allied species (!'. quadrihrachiafus and T. crucifer). This

would seem to indicate that the earliest developed
Fig. yo a.—Tetragraptus Headi, Hall.

tliccffi (til. 1^ and til. 1^) are unusually Small, and that

the dichotomous division of the stipes takes place

within them. The main stipes, on the other hand,

are often very long, and may indeed attain a length

of as much as 26 cm.

Proximal end, siiowin^ portion of a The disc, which sccms to be prcscut in most
disc. North of Talfan, Whitland. • i 11 i j. • i .l

Coll. Woodwardian Museum. c<^ses, IS nearly Square, and has more or less straight

sides. In the largest specimens examined it Avas

fully 17 mm. square, but it is often incompletely preserved. It is ahvays

slightly extended along the stipes, notably so in 3"oung forms. In one adult

specimen in Postlethwaite's collection there is a very prolonged " ahdloii " of this

kind, but this is not so pronounced in other specimens.
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The tlicc;i3 have an average length of ;j'2 mm.
;

F,a.^^b.-TetraoraptusHcadi,UM.
^j^^^ ^^,^ -^^ coiitact fov rather more than three-

quarters their lengtli in tlie distal parts of the

stipes, but for rather less near the proximal end.

AJjihities.—T. EoacU resembles in general shape
Distal thoc^ North of Taifan, Whit- rj, qfuvhihrachiatu.^ and T. crucifcr, but the size of
land. Coll. Woodwardian Mviseum. ^ -^ '

the stipes seems to distinguish it from the former,

while the characters of the thecal and the extreme shortness of the stipes of the

first order appear to separate it from the latter. But there can be no doubt that

2\ IL^adi and T. cntcifer are very closely allied, and they may possibly some day be

proved to be identical.

Horizon and Localities.—Arenig, Middle Skiddaw Slates.

Lal'p Disfn'cf : Randal Crag, Skiddaw; Barf, near Keswick. S. I^rolhiiit] :

Bennane Head, Ballantrae. S. Wah's .- North of Talfan, Whitland.

Associates, etc.—This form occurs in the Skiddaw Slates, where it is associated

with Didymograjitus liirundo and D. gibberalus. According to the officers of H.M.

Geological Survey it has also been found in the Arenig rocks of South Scotland.^

Good specimens have been met with in South Wales, associated with various

Dendrograpti, and are now in the Woodwardian Museum. The largest example

is from the Skiddaw Slates of Randal Crag, and is in Lapworth's collection.

Tetragraptus Amii, Lapworth MS. Plate V, figs. 4 a— c.

1865. Grajjtolifes hryonoides, Hall, G-rapt. of Quebec Grouji, pi. iv, figs. 9, 10.

Main stipes from 2*5 to 5*5 cm. in length, approximately straight and rigid,

slender at origin, l)ut widening rapidly to an average maximum of 3 mm.

Thecse nine to ten in 10 mm., inclined at 45°, three to four times as long

as wide, and free one quarter their length. Apertural margins normal,

concave.

Description.—The main stipes are, as a general rule, from 2*5 to 3*5 cm. long,

though longer ones may occur. All show the characteristic rapid increase in width

near their initial extremities, though some of the smaller specimens never attain

the maximum breadth ; a width of 3 mm. being characteristic of the forms most

commonly met with. All, however, show a slight diminution in breadth at their

extreme distal end, owing to the incomplete growth of the thecffi at that point.

The sicula has a length of about 2 mm., but it is only indistinctly indicated,

as a general rule, and details of the structure of the proximal end are likewise

obscure.

' ' Memoirs of the Geol. Survey,' " Tlie Silurian llocks of Britain," vol. i, Scotland, p. 06].
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Fig. S6.-Tdragrapius Amii. ^llG tlieC^B Vaiy ill sizC aiul liumber aCCOvdillg to

^^P^ ^^
tlieir position on the main stipes. When completely

f"'
"' ' '' "— '

- developed they have an average length of about

o mm., their walls are somewhat curved, and they

^
V y Y V ^

^1''-' approximately uniform in width throughout

DibtiithoLL Lniu^cnRutofpart their length; the angle of inclination varies from
ot I'l. V, fij^. i<..

al)out oO'' in the initial region of each thcca to 45°

near the a})erture ; this is consequent upon the curvature of the thecal wall.

Afjiulfics.— T. Amii forms a connecting link between Groups 1 and 4. In

general form and manner of growth it is closely related to T. qKadribmchiatiis,\mt

differs in the greater flexibility of the stipes, in their rapid widening, and in the

characters of the thecae. In these two latter characteristics it closely approximates

to T. serra, from which it differs, however, in general shape and mode of growth.

RemarJci^.— This form was included by Hall in T. serra ( = T. hri/onoidcs (Hall),

' Grapt. of Quebec Group,' p. 84), and though long regarded as distinct by

Lapworth no description has hitherto appeared. It was first recognised in

specimens from Canada, and is named after the palaeontologist Dr. Henri Ami, of

the Canadian Geological Survey.

Horizon and Localities.—Arenig, Middle Skiddaw Slates.

Lalce District : Randal Crag, Skiddaw ; White House Fell, Skiddaw ; E.

Dodd Wood. ^S'. Wales : Whitesand Bay. N. Wales : Aberdaron,

Associates, etc.— T. Aviii occurs in the Skiddaw Slates of the north of England

associated with Tetrarj. serra and Bidijiruxj. extensns ; it is also found in Wales.

The best specimens known to us are in the Woodwardian Museum.

Dependent Series.

Tetragrapti with two pairs of main stipes diverging downward, but which all

tend to become approximately parallel.

Group II.—Type T. frnticosiis.

Tetragrapti in which the stipes are directed subvertically downward but

diverge at their distal extremities, and increase in width throughout their length
;

the tlieca) ai-e inclined at a moderate angle, and are in contact for the greater part

of their extent.

Tetragraptus fruticosus (Hall). Plate VI, figs. 2^/, Ij.

1858. GnqifiAUhu:^frulicosux, Hall, Gool. Survey Canada Hep., 18.57, p. 128.

1865. GraptoUthiix fruticosus, Hall, Grapt. of Quebec Group, p. 90, pi. vi, li^'s. 1
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1874. Diclymograpiiis (?) fruticosvs, Etheridge, jun., Anu. Mag. Nat. Hist., ser. 4, vol. xi, p. 1.

1877. GraptoUtlms {Bidymograj^sus) fruticosns, M'Coy, Prodromus Pal. Victoria, p. 13, pi. i,

figs. 9—14.

Main stipes from 1"5 to 2*5 cm. in length, directed more or less vertically

downward for greater part of their length, bnt diverging towards their

distal extremity ; increasing in width gradually and persistently up to a

maximum of 2 mm. Sicula conspicuous. Thecae seven in 10 mm., inclined

30°—35°, two or three times as long as wide, free for one third their length.

Apertural margins normal, concave, mucronate.

Description.—The persistent increase in width of the stipes is extremely

characteristic of the species ; the width opposite the aperture of theca V is only

1 mm., but it increases steadily thereafter up to a maximum of 2 mm.

The sicula measures 2 mm., and the first theca
Fig. 37.

—

Tctragraptws fruticosus, Hall. /
i i\ • • n •

(th. 1 ) originates near the apex. The dichotomous

division of the stipes of the first order appears to

take place after the development of two thec£e on

each side of the sicula.

Hall gives the length of the sicula as 12' 7 mm.

("I inch), but it is clear from his figures that this

measurement included a considerable portion of the

Proximal end, obverse view. Enlarge- nema or virgula : the truB sicula, SO far as Ave have
ment of PI. VI, fig. 2 6.

fa '

seen, never exceeds 2 mm. m length.

The thecje are comparatively remote, and average about seven in 10 mm. in the

mature parts of the stipes. This inclination increases slightly with age, those

thecae nearest the sicula being inclined at about 30°, while those in the more distal

parts have an inclination of about 35°. They are about twice as long as wide

near the sicula, but about three times as long in the fully developed parts

of the stipe ; the overlap increases from mere contact to a maximum of two

thirds the length of the thecse. The aperture is concave and mucronate when

well preserved, but slight distortions cause it to appear straight and devoid of any

mucro.

AJjinities.— T. fruticosii.s resembles T. pendens in its general form, but may
readily be distinguished from it l)y its greater si/e, the persistent increase in width

of the stipes, the number of tliecai in a given unit of length, and their degree of

inclination.

Horizon and Localities.—Arenig.

S.Scotland: Bennane Head, Ballantrae. Lake District : Raven Grill.

Associates, etc.—The true T. fruticosns has hitherto been recorded only from the

Arenig rocks of the Girvan district (Ballantrae), S. Scotland, where it has been

foinid by Jia])\voi'th and the ofiicers of II.M. Geological Sui'vey, in whose

collections the specimens are preserved. At Ballantrae it occurs associated with
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Tetrar/nijdus serra and Didi/mograjifiis civ. fiMfonnis. It is now, however, known

to occur in the Lake District.

Group III.—Type T. pendens.

Tetragrapti in which the stipes are directed subvertically downward and are of

uniform widtli tliroughout their length ; the thecse are closely set, and are in

contact for about one half their extent.

Tetragraptus pendens, Elles. Plate VI, figs. 3 a—d.

1898. Tetragraphis i^endens, Elles, Quart. Jouru. Geol. Soc, vol. liv, p. 491, fig. 13.

Main stipes short, from 12 to 18 mm. in length, directed subvertically downward,

ultimately running nearly parallel to each other, and having a uniformly

slender Avidtli of "G mm. throughout their length. Sicula conspicuous. ThecEe

nine to twelve in 10 mm., inclined 15°—20°, about three times as long as

wide, free one third to half their length. Apertural margins normal,

straight, occupying more than half the total widtli of the polypary.

Description.—The whole polypary is small, the stipes not exceeding 18 mm. in

length; they are also more or less uniformly narrow ('6 mm.), and their tliecae are

always borne on the inner margins.

The sicula is conspicuous; it measures about
Ym.zs.-Tctracirapius pendens, ^w^s.

|.(; ^^^^^^^^ .^^^j ^^xQ stipcs Originate in a manner pre-

cisely similar to tliat observed in the Didymograpti

of the dependent series, but after the development of

one tlieca on each side of the sicula each stipe

imdergoes dichotomous division, resulting in the

production of two pairs of stipes which are similar

in every respect.

Proxiuial en,I, reverse view, preserved
'^^'^^ ^llCCOS are loug, UarrOW tubcS of Uniform

asanmjpr.-ssp. Euiargement of ^yidth ; they luivo an average length of about

I'G mm. ; their outer walls are straight, or show

slight concave curvature near the proximal end.

Affinities.—This delicate little species somewhat resembles T. fruticosus in its

general mode of growth, but may readily be distinguished from that species since

—

(1) it is smaller and far more slender,

(2) its stipes are parallel and of uniform width, while those of T. fniticusus

are divergent distally, and increase in width throughout,

9
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(o) tlicro arc more tlicca3 in a given unit of length, nine to twelve, as compared

with seven, in 10 mm.,

(4) the thecge are inclined at a much lower angle, 15° as compared with 35°.

From all other known Tetragrapti it is distinguished by its form.

Horizon and Locality.—Arenig, Middle Skiddaw Slates.

Lake District.—Bai'f, near Keswick.

Associates, etc.— T. '])endens occurs in the Skiddaw Slates, associated with

Azygog. suecicus, Didymog. deflexus, D. gibberulus, and Phyllog. cfr. typus. It has

not as yet been recognised elsewhere.

Tetragraptus Postlethwaitii, Elles. Plate VI, figs. 1 a, b.

1898. TetragraiJtus Postlethwaitii, Elles, Quart. Jouru. Geol Soc, vol. liv, p. 492, fig. 14.

Main stipes 2*5—9 cm. in length; slightly curved, 'directed more or less verti-

cally downward, and having a uniform width of I'G mm. Sicula conspicuous.

Thecaj eleven to twelve in 10 mm., inclined 30°, three times as long as wide,

in contact half to two thirds their length. Apertural margins normal,

straight.

Description.—Both stipes of the first order are very short, but the main stipes

often attain a considerable length. One specimen showed stipes with a length

9 cm., but the width never exceeded 1*6 mm.

The sicula has a length of about 2 mm. ; the
Fio. 39.—Tc^i'ajympiws Postlethwaitii, . . .

•, ^

'^

t

Elles. crossing canal is nearly horizontal.

1^
The tlieca3 are 2 mm. in length ; they widen

,s{^^':^!^"\:,^ slightly towards their apertures ; their outer walls

h^K ^^*6 curved, and the a])ertural angle is commonly

„-. V'^^*^ 130° after compression.

^-'i Affinities.— T. Postlethwaitii resembles T. friiti-

rroxi.naWnul.jevei^e view^ Enlaryc- ^^^^^^ ^^^^
rp

^^g,, J^.„^, Jj^ Jtg Uiodc of growtll, but

differs from them in some important characters. It

may bo distinguished from T. fruticosus—
(1) by the absence of widening in the stipes,

(2) in the lower angle of inclination of the tlieca), and the greater number in a

given unit of length.

It differs from T. p)endens—
(1) in its larger size,

(2) in the higher angle of inclination of the tlieca3, and the greater number in

a given unit of length.

Horizon and LorMlities.—Avomg, Middle Skiddaw Slates.

LaJce District : CarLside Edge ; Barf, near Keswick.
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Associates, etc.—Tlic associates of T. rostlctliindtij are at prosoiit iiiiknowii.

All the specimens known at present come from tlie Skiddaw Slates, and witli one

exception are in Postlethwaite's collection.

Reclined Series.

Tetragrapti Avitli two pairs of approximately straight stipes converging upward
and backward upon the nema, and making with it an angle of more than 180°.

Group IV.—Type T. serra.

Tetragrapti in which the main stipes are straight and directed obHquely upw^ard

;

they are commonly short. The sicula is conspicuous. The thecas are inclined at

high angles, and are in contact for the greater part of their length.

Tetragraptus serra (Brong.). Plate VI, figs. I a^^f.

1828. Fucoides serra, Brougniart, Hist. Veget. Foss., vol. i, p. 71, pi. vi, figs. 7, 8.

1853. Dklymograpsus caduceus, Salter (pars), Quart. Journ. Geol. Soc, vol. ix, p. 87, fig. 1 a.

1858. GraptoUthus hryonoides. Hall, Geol. Survey Canada Eep., 1857, p. 12G.

1863. Tetragrapsus [bryo?ioides'], Saltei', Quart. Journ. Geol. Soc., vol. xix, p. 137, fig. 8^.

1863. Didymograpsus caduceus, Salter, ibid., fig. 13 h.

1865. Graptolithus hryonoides. Hall, Grapt. of Quebec Group, p. 84, pi. iv, figs. 1— 8, 11.

1868. Tetragrapsus hryonoides, Nicholson, Quart. Journ. Geol. Soc, vol. xxiv, p. 131.

1868. Didymograptus caduceus, Nicholson, ibid., p. 133.

1874. Tetragraptus hryonoides, Etheridge, jun., Ann. Mag. Nat. Hist., ser. 4, vol. xiv, p. 1.

1875. Tetragraptus serra, Hopkinson and Lapworth, Quart. Journ. Geol. Soc, vol. xxxi, p. 650,

pi. xxxiii, fig. 10.

1875. Tetragraptus Halli, Hopkinson, ibid., figs. 11a, 11 h.

1877. Graptolithus (Didymograpsus) hryonoides, M'Coy, Prodronms Pal. Victoria, dec. 1.

1898. Tetragraptus serra, Elles, Quart. Journ. Geol. Soc, vol. liv, p. 490.

Main stipes 2*5—5 cm. in length, approximately straight, narrow at their origin,

but widening abruptly and rapidly to a maximum breadth of 3-2 mm.

Sicula conspicuoiis ; thecee eight to nine in 10 mm., inclined at 45°, three to

four times as long as wide, free one third to one fourth their length.

Apertural margins normal, concave.

Description.—The stipes of the first order attain together a length of about

2 mm. The main stipes resulting from the dichotomous division of these do not,

as a general rule, exceed 5 cm. in length. These stipes are quite narrow at their
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Fios. 40 a and h.—Tctragrnptus serra, Brono-niart.

-i^^'^^i^

a. Proximal end, obverse view, preserved partly as
an impression, showing the dividing wall
originating in th. li. Bennane Head, Bal-
lantrae. Coll. Lapworth.

6. Proximal end, showing part of nema. Outer-
side. Coll. British Museum (Natural His-
tory), S. Kensington.

orig-in, but widen rapidly, and avc o-cnovally found to liaA^e attained tlieir maximnm
widtli after the third or fourth theca; the usual diminution takes place towards the

distal extremities. The width attained in different individuals varies greatly; the

average width at origin is about 1 mm. (or less), but while in some individuals a

width of 2'] mm. is never exceeded, in others a maximum of 3"2 mm. is attained.

The sicula is rather more than 2 mm. in

length, and is proportionately narrow. The

first theca appears to originate near the apex

''Nw^ Jk ^ \ ifl A, o^ ^^it' sicula, in a manner somcAvhat resem-
ri^ -.- ^ ,\h.^ ^V'^.x fi J^i.

|,^j^^g. ^1^^^^ Q^ jj gibherulus ; but other details

are obscure. Both the earliest thecffi (th. 1^

and th. 1^ forming the stipes of the first

order) are small as compared with those

subsequently developed on the main stipes,

and dichotomous division takes place within

them.

The thecEe on the main stipes vary in

number according to their position on the stipe, and the size and age of an

individual. Near the proximal end of the main stipes there may be ten in 10 mm.,

but distally the number rarely exceeds eight. AYhen fully developed the thecos are

about 3"2 mm. in length; they are somewhat curved, and are widest at their

apertures. The inclination varies from 30° to 50°

owing to curvature, the thecce being inclined at 30°

in their central regions, but then curving upward

so as to make, near their apertures, an angle of

from 45° to 50° with the general direction of the

stipe. In some specimens the growth-lines are

well seen.

Remarks.—Hall's descriptions of his G. hryonoides seem to have been drawn up

from two forms—one in Avliich the stipes are directed obliquely upward, and one in

which the stipes are spread out in what may be termed a ^' guadrihracltidins"

fashion. This implies two different modes of growth, and there are also other

differences. It is therefore necessary to distinguish between the two forms

;

the one with the stipes directed obliquely upward is the form which Hall con-

sidered to be identical with Tetrngraptus serra, an opinion in which we agree. The

other is that which is here designated T. Amii.

Certain examples of Tetragraptus from S. Wales, described by Hopkinson

('Quart. Journ. Geol. Soc.,' xxxi, pi. xxxiii, fig. 11) as T. Ealll, Ave believe to be

greatly compressed specimens of 2'. serra.

Affinities.— T. serra, as here restricted, is readily recognisal)le ; it can hardly be

said to closely resemble any other species as yet known, and should always be

Fia. dOc.

—

Tdragraptus serra, Bron^

Thecse in relief, showing growth-lines.
Bennane Head, Ballantrae. Coll.

Lapworth.
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reudil}^ distill o-nislied from T. /??V/.s-A_/// by its <>-onoral sliapc and the fewer tliccsv in

a o'ivcii unit of IcnQ'tli.

Tlorizon and Loe.nTific^.—Arenig, Middle Skiddaw Slates (Upper bods).

Lal-e District : Randal Crag ; Bassentliwaite Sand-beds ; Ontersido ; Gibraltar;

Great Knot. St. David's : Wliitesand Bay ; north of Talfan, Wliitland. S.

Scotland : Bennane Head, Ballantrae.

Associates, etc.— 7'. sei-ra appears to ho particularly abundant in the Skiddaw

Slates, where it occurs associated with T. Amii, D. e.tiensvs, etc. ; it has been

recorded by the Geological Survey from the Arenig l)eds of S. Scotland [loc.

cit. supra), and is also present in S. Wales, where it is associated with numerous

Devdrograjiti. There are good specimens of it in the collections of the British

Museum, the Woodwardian Museum, and in Lapworth's private collection.

Tetragraptus reclinatus, sp. nov. Plate VI, figs. -5 a— c.

Stipes slioi't, from 12 to 19 mm. in length, approximately straight, directed

ol)liquely upward, very narrow at origin, and with a uniformly narrow

width (2 mm.) for the greater part of their length. Sicula conspicuous.

TliecgG twelve to thirteen in 10 mm., inclined at 45°, three times as long as

wide, in contact two thirds their length. Apertural margins normal, straight.

Description.—The stipes grow upward at a wide angle from each other ; those of

the first order do not exceed 5 mm. in width. Dichotomous division appears to

take place after the development of tli. 2' and th. 2", though this is uncertain.

Thereafter the Avidtli of the stipes increases to 2 mm., and this width is maintained

for the remainder of their length.

The sicula has a length of about 1*5 mm., and the
Fio. 41.

—

Tetraijraptus reclinatus,
_ _

°
_

nov. first theca originates a short distance below its apex.

The average length of the thecfe in the distal por-

tions of the stipes is 1"6 mm.

rroxiiuai end, reverse view. Enlarge- Ajjiuities.—Tetragvaptus rccliuatus rescmblcs T.
ment of I'l. VI, fio-. 5 a. . , , i ,

• f it
scrra, m general shape, but is tar more slender

than that species, and thus may be readily distinguished from it ; further there

are a greater number of thecfe in the same unit of length.

Horizon and Localities.—Arenig, Middle Skiddaw Slates.

Lake District : Whinlatter ; Carlside Edge.

Associates.—This species has, up to the present time, only been recorded from

the Skiddaw Slates, where it is not an abundant form. The best specimens have

been collected by Postlethwaite, and are in his collection.
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CTiroup V.—T_ypc T. ]h'(jf^h//i.

Tetragrapti in wliich tlic stipes are flexed and are directed outward or curve

backward and inward ; they are commonly short and wide ; tlie sicnla is con-

spicuous ; the thecse are inclined at high angles, and are in contact for the greater

part of their length.

Tetragraptus Bigsbyi (Hall). Plate VI, figs. 6 a—e.

1858. Phyllograptus similis, Hall, Geol. Survey Canada Eep., 1857, p. 140.

1865. Graptolithus Bicfshyi, Hall, Grapt. of Quebec Group, p. 86, \A. xvi, figs. 22—30.

1895. Tetragraptus Bigsbyi, Holm, Gcol. Foren. Forliandl., vol. xvii, p. 319.

1898. Tetragraptus Bigsbyi, Elles, Quart. Journ. Geol. Soc, vol. liv, p. 489.

Main stipes short and wide, typically curved, resulting in a joolypary of varied

form, narrowest at their origin, but widening quickly to their maximum width

of about 3'2 mm. Sicula long and conspicuous. Thecoe fourteen to thirteen

in 10 mm., inclined at high angles, four times as long as wide, in contact for

almost their entire length. Apertural margins slightly concave, and with

mucronate denticles.

Description.—Perhaps the commonest form of the polypary, as shown when

flattened upon the rock, is best described as a broad oval, truncated at its upper

end in most specimens, but occasionally nearly complete. There is a decided

tendency on the part of some stipes to come into contact at their distal extremities,

and in a few examples actual adhesion, and possibly fusion, appear to have

occurred (PI. VI, figs. 6 d, c). Examples, however, with stipes which diverge

continuously, are very common. The phenomenon of possible fusion is of great

interest when regarded in connection with Phyllograptus (see aiifc, p. 56), but it

cannot as yet be regarded as proved in this species. Should it be possible to do

this at any future time, it might be advisable to separate forms possessing this

characteristic, as Marr and Nicholson have suggested (' Geol. Mag.,' dec. 4, vol. ii,

p. 538), under the name of T. inosculans.

The curved stipes in T. Bigsbyi are usually short; they never exceed 19 mm.
in length, and forms with stipes of about 12"5 mm. are more common. At their

origin the stipes are only about 1 mm. wide, and the increase up to 3-2 mm. takes

place rapidly. They are wide in proportion to their length, and their ventral

margins arc always convex, though the rate of curvature varies in different

individuals.
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Fig. 4:2 a.—Tetnujraptus Bvjshyi, Hall.

-.%/

Proximal end, preserved as an impres-

sion. Enlargement of PL VI, fig. G h.

Fio. i'Zh.— Tdraijraidus Bigshyi, Hall.

The siciila is about 2"3 mm. in lengtli, and tlio })roximal part of the ])olypary

has a similar structure to that of B. gibberulus ; but

whereas tlie earliest thecse in that species are longer

than any of those subsequently developed, those first

developed in T. IJigsbyi are the shortest. Holm's

work (loc. cit.) on the structure of this species

goes to show that the earliest theca arises from the

sicula near its apex, and the length of the two stipes

of the first order (" funiele ") is reduced to a niiiiinium, for dichotomous division

appears to take place within the earliest formed thecas, th. 1^ and th. 1~.

The thecEe are at first nearly at right angles to

the general direction of the main stipes ; those

developed later have an initial angle of 40°— 50°, but

curve so that near its aperture the theca has ai/

inclination of 60°—70° to the general direction of

the stipe. The theca? are widest at their apertures,

and the apertural angle is markedly obtuse after

compression, averaging about 140° with the general

direction of the stipe.

Affudties.-— T. Bvjslijl is easily recognisable as a

general rule, as it is unlike any other known form of

Tetragraptus, but when preserved so as to reveal two stipes only, it seems often

to have been confused with D. gibhendus. These two forms should, however, be

readily separated, since the stipes of T. Bigsbyl are narrowest at their proximal

ends, while those of D. gibberulus are ividest in that region.

Horizon and Localities.—Arenig, Lower and Middle Skiddaw Slates.

Lake District: Randal Crag, Skiddaw; Gibraltar; White House Fell, Skiddaw
;

Bassenthwaite Sand-beds; Outerside; Troutbeck. S. Scotland: Bennane Head,

Ballantrae.

Associates, etc.— T. Bigsbijl occurs in abundance in the lower parts of the

SkiddaAV Slates, and has been found at Barf, associated with Bryog. Kjcnilfi, var.

Cfimbrensis, and at Outerside with B. Nicholsoni. It is also recorded by the

Geological Survey (loc. cit.) from the Arenig rocks of Ballantrae.

Numerous specimens are in the collection of the Woodwardian Museum, the

Keswick Museum, and in Postlethwaite's and Lapworth's private collections.

Si

Distal tliccae, preserved as an impression
Enlargement of PI. VI, fig. Gh.
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SrKCinc Characters of Foi;ms nELONOiNf; to the Genus Tetvagraptut

Horizontal series. Dependent series. Reclined series.

Group I. Group II. Group III. Group IV. Group V.

T. quadri-
hrachiatitf.

r. cruci-

fir.
T. Ileadi. T. Amii.

T.frHti-

Pendcnt,
flexed

T. pendens.
T. ro>-

llclhii-aifii.
T. serra.

T. rPcHna-
tits.

T. Bigshyi.

Character of stipes . Hori-
zontal,

straight

Hori-
zontal,

straight

Hori-
zontal,

straight

Hori-
zontal,

straight

Pendent,
straight

Pendent,
straight

Reclined,
straight

j

Reclined, Reclined,
straight flexed

Maximum width of

stipes

2-6 mm. 4 mm. 3 mm. 3—4mm. 2 mm. 0-6 mm. 16 mm. 3-2 mm. 1-6 mm. 3-2 mm.

Length of sicula . .
- - - 2 mm. 2 mm. 16 mm. 2 mm. 2 mm. lo mm. 2 mm.

No. of thccsB in 10 mm. 10-9 8 9-10 9-10 7 9—12 11—12 8—9 12—13 14-13

Inclination .... 30'- 40° 45° 40° 45° 30°-35° 15°- 20° 30^ 45° 45° 40°—70°

Overlap i-§ * 1-1 -s—

T

-5 i-i i-i f-J * 4-1

Genus SCHIZOGRAPTUS, Nicholson.

187G. Schizograj)tiit<, Nicholsou, Geol. Mag., dei'. 2, vol. iii, p. 248.

Folypary bilaterally symmetrical, oonsistiiig of four main uniserial stipes

produced by dicliotomous division from a primitive Didijmograjytus stage

;

these four main stipes are rigid, are spread out in a liorizontal plane, and

give off from one side only (thecal margins) simple lateral ^ branches at

definite intervals.

Thecae simple tubes expanding slightly in the direction of their apertures,

usually in contact for a considerable fraction of their length.

The polypary is characterised by the possession of stipes of two (dichotomous)

orders only, but from the stipes of the second order (main stipes) simple lateral

branches are given off. Thus the Schizograptuti polypary is, from this systematic

point of view, of the Tetrograptid type ; and may be theoretically regarded as a

Telragraptus of the quadribrachiatus type, in which the main stipes bear simple

lateral branches. These lateral branches seem to originate, in all examples known,

from the ventral or thecal margin of the main stipes. These main stipes increase

^ Without cutering upon the question as to the structural significance in the distinction between

dichotoinous and lateral (monopodial) types of branching, we here employ the term dicliotomous when

continuation of growth in the original dii-ection would bisect the angle between the two stipes resulting

from division, and lateral when the original stipe continues to grow in the same direction after

division as before (Elles, ' Quart. Journ. Geol. Soc.,' 1898, p. 477 ; Euedemann, ' Eep. of State Pal.,

Now York Stale Mu.seuin,' 1902, p. 584).
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very slig-litlj in width from their origin, while the lateral hranehes a])peai- to be of

uniform breadth throughout their length. As a general rule the theca3 arc obscure

on the whole proximal portion.

Only two species of Hrhizoyyaplns are at present known—/9. rdicalaias and

>S'. tardifnrcatus.

Schizograptus reticulatus (Nicholson). Plate VI, fig. 7.

1868. Dichxjrajisus retici(Jalns, NichuLsoii, Qiuirt. Joiirn. Geol. Soc-., vol. xxiv, p. 143, pi. v, figs. 4, 5.

1876. Schizofjraptus reticulatus, Nicholson, Gcol. Mag., dec. 2, vol. iii, p. 248.

1898. 8cMzo(jrapius retimilaius, Elles, Quart. Journ. Geol. Soc, vol. liv, p. 480.

Stipes rigid, those of first order short, those of second order about 4— 7 cm.

in length and 1'2 mm. in width, constituting the four main stipes of the

polypary ; from each of these, tAvo lateral branches are early given off at a large

angle (approximating to a right angle) Avith the axis of the main stipes, and

all on the same side. Thecae about ten in 10 mm., inclined at 20°, about

1 mm. in length, three times as long as wide ; outer walls straight, over-

lapping one quarter of their length. Apertural margin straight, approxi-

mately perpendicular.

Description.—The first lateral branch is given off at a distance of about 5 mm.

from the point of dichotomy, and the second at a distance of 10 mm. from the first.

The distance between the two lateral branches is the same on all the main stipes.

On one main stipe, whose total length was 70 mm., only two lateral branches are

visible, and both of them arise within the first 17 mm. of its length. On no stipe

have more than two lateral branches been observed, therefore it Avould seem likely

that no more were developed.

The characters of the tliecas as given above are drawn up from several Jjake

District specimens more or less indifferently preserved, and must be regarded as

essentially approxim ate

.

Affinities.— S. ret ictihi fits may readily be distinguished from the only other

species yet known {S. tdrdi/nrcatiis) by the short space between the point of

dichotomy and the point of origin of the first lateral branch.

Horizon and Localities.—Arenig, Middle SkiddaAv Slates (P).

LaJce District : Scale Hill, Crummock ; Barf.

Associates, etc.—H. reticulatus has as yet Ijcen only recognised in the Skiddaw

Slates, where it is rare. Its associates are unknown. The best specimens are in

Postlethwaite's collection.

10
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Scbizograptus tardifurcatus, Elles. Plate VI, fig. 8.

1898. Schlzograptus tardlfurcatui-, Elles, Quart. Jourii. Geol. Soc, vol. liv, p. 480, fig. 7.

Stipes rigid, those of first order sliort, those of second order 4—5 cm. in length

and about 1 mm. in width, constituting the main stipes of the polypary

;

from each of these three lateral branches are given off at about 70°, all

on the same side. Thecge ten in 10 mm., inclined at about 20°, three times

as long as wide ; outer walls slightly curved, overlapping half their length.

Apertural margins straight, oblique.

Descrij)tion.—The first lateral branch is given off at a distance of 13 mm.

from the point of dichotomy, the second at a distance of 8 mm. from the first,

the third at a similar distance from the second, etc. Each theca has an average

length of al)Out 2 mm. In the type specimen (PL VI, fig. 8) a fourth branch

appears to take origin from the opposite side to that of the other three, but this is

due to an accident before preservation, as it may not even belong to the polypary.

Affinities.—This species differs from S. reticulatus in having more closely set

lateral branches, and in these being situated further from the point of dichotomy.

Horizon and Locality.—Arenig, Middle Skiddaw Slates (P).

Lake District : Carlside Edge.

Associates.—S. tardifurcatus has not yet been recognised outside the Skiddaw

Slates, where it is rare. The best specimens are in Postlethwaite's collection.

Its associates are unknown.

Note.—In the year 18G8 (' Quart. Journ. Geol. Soc.,' vol. xxiv, p. 144, pi. vi,

figs. 4 and 5) Nicholson described and figured a fragmentary example of one of the

main stipes of a compound Dichograptid, bearing numerous lateral branches on

one side only. This fragment he named PleAirograptus vagans, believing it to be an

example of a genus to which he had previously given the name of Pleurograptus

('GeoL Mag.,' 1867, voL iv, p. 256).

AVitli our present knowledge it is evident that the fragment referred to has no

generic relationship to Nicholson's original Plcurograptus, which v^as founded on

the Leptograptid species Gladograptus linearis of Carruthers. P. vagans belongs

clearly to some Dichograptid genus, possibly 8c1iizogra])tiis or Trocliograptus. We
have given a figure of Nicholson's original specimen on PI. VI, fig. 9 ; but the

characters are so inade(|uate and poorly preserved that it is im})ossible to retain the

name as that of a distinct species.
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Genus TROCHOGRAPTUS, Ifulm.

1881. Trochngraptn^, Holm, Ofv. Kongl. Vet. Akad. Siockliolm Fiirb., vol. xxxviii, No. 9, p. 49.

Poll/par 1/ robust, typically bilaterally symmetrical, consisting of four main

stipes, several centimetres in length, produced by dicliotomous division

from a primitive Didijmograptus stage. From each of these four main

stipes numerous compound lateral branches several centimetres in length

are given off at irregular intervals.

Thecx narrow tubes of the ordinary Dichograptid type.

The polypary is characterised by the possession of stipes of two orders only

;

but from the stipes of the second order (main stipes) compound lateral branches are

given off. It may therefore be regarded as a Tetragraptuii of the quadrihracMatus

type, bearing compound lateral branches on its main stipes. It differs from Scliizo-

graptiis in having compound instead of single lateral branches, and in having them

disposed at irregular instead of regular intervals.

The Trochograpti often attain a very large size, and, as a general rule, there is

no difference in the width of the main and lateral stipes. The distance between

the lateral branches increases usually with remoteness from the sicula, and the

angle at which they are given off usually decreases with the complexity of the

branch ; this is, however, not invariably the case. The thecce are as a rule obscure

on the main stipes, but can often be fairly well seen on some part of the lateral

branches.

Only one species has as yet been described, viz. T. diffnsus, Holm.

Trochograptus diffusus, Holm. Plates VII and VIII, figs. 1 a, b.

1881. Trochograptus diffusus, Holm, Ofv. Kougl. Vet. Akad. Stockholm Forli., vol. xxxviii, No. 9,

p. 49, pi. xiii.

1898. Trochograptus diff'usus, Elles, Quart. Journ. Geol. Soc, vol. liv, p. 479, pi. xxvii.

Main stipes and compound lateral branches curved, often several centimetres in

length, robust, having an average width of 2 mm. ; lateral branches always

situated on same side of main stipe, and curved in the same direction;

distance between lateral branches commonly increasing with remoteness from

the sicula, while the angle of divergence decreases with the complexity of

the stipe. Thecoe eleven in 10 mm., inclined 45°, average length 3 mm., six

times as long as wide, outer wall straight, overlapping three quarters their

length. Apertural margin concave, normal.
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Dt'.^n'iptioii.—The lateral branching; traced aloii,^ one or other of the main stipes

is seen to take place approximately at intervals of 25, 82, and 38 mm. respectively.

The angle at Avhich the lateral branches come off varies from abont 90° to G5°.

From the lateral branches additional lateral
Pia. iS.—Trochograptus diffusus, Holm. , . „„

branches may be given oft.

A small square disc with an average diameter of

about (3"3 mm. commonly encloses the proximal parts

of the main stipes, but this may be absent.

Ajfiiiitie!^.—We have here referred the British

examples of Trocliogvaptus to the only species

hitherto described, ?". e. T. diffiisns, Holm (loc. cit.)

;

thouo-h they differ from it somewhat in havino' a more
Distal thocoe on one of the Lateral o ./

^

o
^

branches of specimen figured on irresTular mode of branching', and more thecae in a
PI. VIII, ficf. 1 a.

^ °'

given unit of length. T. diffusus resembles other

compound Tetragraptids, such as Schizog. reticulatus, S. tardifnrcatus, and Holog.

Drcnti, in general plan of growth. The compound lateral branches, however,

seem to distinguish it from any Hchizognipfas, while from Ilolog. Deaiii it may

be separated by the fact that the lateral branches are all on the same side of

the main stipe, while in H. Deaiii they are apparently given off at irregular

intervals on both sides.

Horizon and Localities.—Arenig, Middle Skiddaw Slates.

Lalce District : Scaw Gill ; New BroAV Quarry, Upper Lorton ; Whit Beck,

Upper Lorton ; Grisedale Pike.

Associates, etc.—^T. diffusus is only known in Britain from the Skiddaw Slates,

where large specimens occur at certain horizons in some abundance. Its associates

are not known.

There are good specimens in the collections of the Keswick Museum and the

Woodwardian Museum.

Genus HOLOGRAPTUS, TMm.

1881. Holograplus, Holm, " Tvenne nya sliigteu af familjen Dieliograptidno," Ofv. Konol. Vet. Akad.

Stoclcholm Fijrh., vol. xxxviii, No. 9, p. 45.

1893. BfmvilUgrapfus, Barrois, Ann. d. 1. Soc. Geol. du Nord, pi. x.xi, p. 107.

Polypary robust, typically bilaterally symmetrical, consisting of four main
stipes many centimetres in length, produced by dichotomous division

from a primitive Didymograptiis stage. From both sides of each of these

four main stipes many lateral branches, several centimetres in length, are

given off at subregular intervals; some of these lateral branches are

simple, others compound.
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Tlicnv narrow tubes of tlic Dicliograptid typ(\

The t'oi'in of tlie polypary in Jfoloijraptas is closely related to that of

Troi'Jiograptiis, differing-, so far as is known, only in the fact that the four main

stipes (stipes of the second order) apparently throw off lateral l^ranches from l)oth

sides. These lateral branclies may be either simple or compound.

While at first sight there seems to be no doubt that the lateral l)ranches are

given off from both sides of the four main stipes, yet it is impossible to prove that

this was the original mode of growth. An examination of the left-hand branch

drawn on fig. 2 a, PI. VIII, seems to lend some support to the suggestion that the

lateral branches may have really originated from one side only (thecal margin).

If this should prove to be invariably the case, then TrofJiorjraptm and llohxjrajjlns

could no longer be regarded as separate genera. Whether this be so or not, there

seems to be no doubt that the genus llouvilligraptus of Barrois is identical with the

Hologmptus of Holm.

The Holograpti attain an extraordinary size, exceeding that of any other

Graptolite genus with the exception of Tcnmograptus. Our British examples

must have been, when fully grown, more than 80 cm. in length ; and the branches, if

disposed regularly and spread out symmetrically, must have extended over a circular

area of that diameter. There appears to be no difference in the width of the

stipes of the first and second order, or of the lateral branches. The distance

between the points of origin of the lateral branches on the four main stipes is

large near the sicula, and appears to decrease irregularly towards the distal

extremity, where the lateral branches are approximate and numerous. A few of

these lateral branches show a tendency to re-branch in their turn, but none are

known to possess more than two terminal branches.

The form of the thecce is, as a rule, obscure.

Holograptus Deani, Lapworth, MS. Plate VIII, figs. 2 a—c.

Main stipes and compound lateral branches somewhat curved ; main stipes

about 40 cm. in length, robust and having an average width of 2 mm.
Lateral branches arising from both sides of the four main stipes and

curved in the same direction, usually at an angle of about 60°. Distance

between the lateral branches decreasing with remoteness from sicula, as

does also the angle of divergence. Compound lateral branclies short, rare.

Theca3 of the ordinary Dichograptid type, nine in 10 mm., angle of inclina-

tion 35°—45°, average length about 2*5 mm.

Description.—The distance between the points of origin of the lateral branches

on the main stipes decreases, as a rule, from an average of about 6 cm. near the

sicula to about 1 cm. near the distal ends. A larger proportion of lateral branches
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is given off from tlio outer curve of the main stipes tlian from tlie inner, and it is

usually impossible to say on which side a branch arose originally.

As a rule, little more is preserved than the general outline of the branches, the

apertures of the thecfie being usually em])edded in the rock. A true profile view is

rarely seen, so that the characters of the thecoe cannot all be made out.

Affinities.—The British example of Holographis figured above, which is

distinguished as Holograjytas Deani in Lapworth's collection, closely resembles

BouvlUigraptus {Hologvaptus) Rickardsoni of Barrois (Inc. cit. supra) in general

appearance. It differs, however, in the fact that the thecse are more closely set

(nine as against seven to eight in 10 mm.), and the point of origin of the first of

the lateral branches is more than twice as distant as in the French form. Too

little is known of Hall's original species, G. Btchardsonl (' Grapt. of the Quebec

Group,' 18G5, p. 107, pi. xii, figs. 1, 8), to be certain of its specific identity or

otherwise. Hologra/ptus Deani appears to differ from //. cxpansus, Holm, in mode

of branching, and in the more closely set thecse (nine as against seven to seven

and a half in 10 mm.). The American, Swedish, and British examples are all,

however, closely related to each other, and although at present they are separated

as distinct forms, it is not impossible that they are variants of one and the same

widely distributed species.

Horizon and Localitij.—Arenig, Skiddaw Slates.

LaJce District : Newlands, near Buttermere.

Associates.—Holograjptus Deani occurs in the Skiddaw Slates associated with

Tetrog. quadrihrachiatus, Didymog. v-fracivs, and D. Nicholsoni.

The only specimen is in Lapworth's collection, and is called after its discoverer,

the late Dr. Deane, of Birmingham.

Genus DICHOGRAPTUS, Salter (pars).

18G3. DicJiograpsvs!, Salter (j)ars), "Note on the Skiddaw Slate Fossils," Quart. Joiirn. Geol. Soc.

vol. xix, p. 137.

Folyparij typically bilaterally symmetrical, consisting of eight long uniserial

main stipes, which are produced l)y repeated dichotomous division through

Didymogra/ptus and Tetragraptus stages.

Thecae simple, cylindrical or subcylindrical tubes, inclination and ovei-lap

varied.

The polypary is characterised by the possession of stii)es of three orders only.

It would seem to have originated on lines similar to those indicated for Tetragraptus

;

but in this case in addition to the primary Didymograptns stage (stipes of first

order), which is short-lived, there is superadded a secondary Teiragraptus stage
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(stipes of second order), whicli is also of short duration. Each of tlie four sti})es

thus formed is again dichotomously divided, with the result that eight stipes (stipes

of third order) are ultimately produced. These undergo no further division, and

persist as the eight main stipes of the polyparj.

It is a matter for regret that the specimens from the Skiddaw Slates, the only

beds in Britain in Avhich this genus is abundantly represented, are, as a whole,

so poorly preserved. It is often impossible to make out any details concerning the

thecce, since the stipes are preserved with their dorsal surfaces uppermost, and with

the thecse embedded in the rock. This is almost invariably the case with the tliecae

on the stipes of the first and second order ; those on the stipes of the third order

(main stipes) are, however, often more or less clearly seen.

It seems most probable that the main stipes of the Dichograpti grew in one and

the same horizontal plane. All the forms at present known fall naturally into one

horizontal series, which contains two groups.

Horizontal Series.—GROur I. Type J). octoJ>racliiatiis.

v. uctobracliiatits,

var. SedgtvicJcii.

GROur II. Type D. separatus.

D. sejjaratas.

Horizontal Series.

Dichograpti in Avhicli the main stipes are straight or curved, and which grow in

one horizontal plane.

Group I.—Type D. odobrachiatas.

Dichograpti with robust stipes, having thecae which overlap for a considerable

portion of their length.

Dichograptus octobrachiatus (Hall). Plates IX and X, figs. 1 a—e.

1858. OmptoUthus octobrachiatus (Hall), Greol. Survey Canada Eep., 1857, p. 122.

1863. DicJwgrapsus aranea (Salter), Quart. Journ. Geol. Soc, vol. xix, p. 137, figs. 9 and 10.

1865. GraptoUthus octobrachiatus (Hall), "Ci-apt. of Quebec Grroup," Geol. Survey Canada, dec. 2,

p. 96, lA. vii, figs. 1— 7, and pi. viii, figs. 1—4.

1868. Bichograpsus octobrachiatus, Nicholson, Quart. Journ. Geol. Soc, vol. xxiv, p. 129, pi. v, figs.

1 and 2.

1898. Dichograptus octobrachiatus, Elles (pars), Quart. Journ. Geol. Soc, vol. liv, p. 483.
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Stipes of first and second oi'ders very sliort; main sti})es of the tJiird order

typically straight and rigid, often several centimetres in length, slender at

origin, bnt widening qnickly to a maximnm breadth of o*2 mm. Theca? five

to ten in 10 mm., inclhied 20°—55°; onter walls slightly cnrved, four times

as long as wide, in contact one half to one third their length ; apertnral

margins concave, normal.

Description.—The stipes of the first order are about 1 mm. in length, those of

the second order slightly longer—1*6 mm., while those of the third order may attain

a length of from 12 to 15 cm. Many young examples of this species barely attain

2"5 cm. in length, and the stipes are relatively narrower. The main stipes, while

typically straight, are often preserved showing a cei'tain amount of curvature.

It is only on the main stipes that any details regarding the thecfe can be

determined, though these are undoubtedly present on the stipes of both first and

second orders. The thecge on the main stipes make an angle of about 20° with the

axis of the stipe at their bases, but these curve so decidedly that the inclination

rises to 55° near their apertures. The thecee when mature have an average length

of 8—4 mm., but in smaller forms they are much shorter.

The whole proximal part of the polypary is frequently envelojied in a mem-

branous disc, which varies greatly in size in different individuals. This disc, how-

ever, may be altogether wanting.

Remarks.—Bicltonraptus odohracluatus, although typically eight-stiped, exhibits

great variation in the number of its stipes. The typical form, having eight stipes

of the third order, appears to be the commonest, and from this form the species

derives its name. But individuals, agreeing in all respects except in the number of

stipes, have seven, six, or five stipes, and there is no reason for doubting that they all

belong to one and the same species. In the normal type with eight stipes of the

third order there are four short stipes of the second order, and two short stipes of

the first order ; both stipes of the first order and all four of the second order

undergo dichotomous division.

In the form with seven terninial sti})es (septad type) both stipes of the first

order divide dichotomously, but one of the stipes of the second order fails to do

this, and persists as a single stipe, the other three dividing as in the normal form.

In the form with six terminal stipes (hexad type) two of the stipes of the

second order show no dichotomous division, and in the pentad type (five stipes)

only one stipe out of four divides dichotomously. These variations of Dicho-

graptus octuhrachiafns are b(^st regarded as ahorted specimens of the ty])ical octad

form.

Total failure of dichotomy in the stij)es of the second order would obviously

result in the production of a 'Ih'tnKjruptus of the qiiadribrachiatiis type.

Affinities.—D. odohrachiatiis (including var. Sedgtoichii) may readily be dis-

tinguislied from the only other species of Dlchograptus as yet recorded, D. separaius,



DICIIOGRAPTUS. 79

by the smaller size of its stipes of the first order, and the j^reater width of its main

stipes.

Horizon and LocaUties.—Arenig, Middle Skiddaw Slates (Dichoyrapfns beds).

Lal-c District : Randal Crag, Skiddaw ; Mire House, Skiddaw ; Carlside Edge,

Slape Crags above Hope Hill, Brackenthwaite ; Outerside ; Grisedale Pike. iS.

Scotland : Bennane Head, Ballantrae.

Associates, etc.—D. octohracliiatus occurs in abundance in the Middle Skiddaw

Slates of the Lake District associated with Didymograptns hirundo, D. niiidus,

D. (jihhcrnlns, D. v-fractus, Tetragraptus, sp. (?), and Lonanogra/ptas Loganl (nonad

type). Numerous good specimens are in the collections of the British Museum (Nat.

Hist.), theKesAvick Museum, the Woodwardian Museum, and the ])rivate collections

of Lapworth, Postlethwaite, and Christophorson.

Var. Sedgwickii, Salter. Plate X, figs. 3 a, h.

1863. Diclmjrajtsus SedgivicJcii, Salter, Quart. Journ. Geol. Soc, vol. xix, p. 137, fig. 11.

In addition to the typical D. octohracliiatus there occurs in the Skiddaw Slates a

form which, while agreeing Avith D. octoljrachiatus in the mode of branching and in

the number of thecse to the inch, has a decidedly less rigid habit, the stipes being

narrower and distinctly flexuous. The thecge, too, are proportionately shorter.

This is the form described by Salter as a distinct

YiG.^^.-Bichograptus odobrachiatus, gpecies Under the title D. SedqwicJdi, but it appears
var. Sedgwickii, Salter. ^ ./ ' ri

to US to be better regarded as a variety of D.

octohracliiatus.

Horizon and Locality.—Arenig, Middle Skiddaw

Slates.

Lake District : BraitliAvaite.

Associates, etc.—The associates of this variety are

unknoAvn. The best specimens known to us are in

Distal theca.. Enlargement of PI. IX,
^^^^ collection of the Gcological Survcy at Jemiyu

Street, and in PostlethAvaite's collection.

Group XL—Type D. separatns.

Dichograpti Avith slender stipes, having theca' Avhich overlap for a smi

fraction of their lemrth.

11
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Dichograptus separatus, Elles. Plato X, figs. 4x1, h.

1898. Dichoijraptus sejiaratus, Elles, Quart. Jouru. Geol. Soc, vol. liv, p. 484, fig. lO.

Stipes of first order either equalling in length, or longer than, those of second,

but both short compared with length attained by main stipes of third order

;

these last are slender and somewhat rigid, 2*5 to 7'5 cm. in length, but

never exceed "5 mm. in width. Theca3 ten to twelve in 10 mm., narrow

tubes, outer walls three times as long as wide, inclined 20°, and overlapping

about one third their length. Apertural margins straight, perpendicular.

Bescriptlon.—The stipes in this form are very
Fig. ^.-i)i.iu,,ra,tus separatus, Elles.

^^.^^.^,q^^. ^ud rigid ; thosc of the first Order are longer

k\ than those of other species of the same genus.

7% Each of the stipes of the first order is fully o mm.
;'/ in length, and thus what the earlier authors would

^',4- liave regarded as the " funicle " is about 6 mm. long.

yl The stipes of the second order are about 3 mm. in

[^2 length or rather less, and the pairs of this order in-

I" elude an angle of about 105°, while the pairs of stipes

^''^EnS^^ueSprxJfi^^^^^^^^ of the third Order include an angle of about 70°.

The thecge are very indifferently preserved, and

details are obscure.

Affinities.—This species is easily recognised by its small width and its long stipes

of the first order, Avhich serve to distinguish it from D. octohi'achiatus, the only other

species at present recognised.

Horizon and Locality.—Arenig, Middle Skiddaw Slates.

Lake District : Outerside.

Associates, etc.— Only two complete specimens of D. separatus arc known, both

of which are in the Woodwardian Museum. The species occurs associated with

fragments of other Dichograptida? in the IMiddle Skiddaw Slates of Outerside.

Genus LOGANOGRAPTUS, TTat/.

1868. Loganograplus, Hall, " Introduction to Stiuly of Graptolitidao," N. Y. State Cab. Nat. Hist.,

20th Ann. Eep., p. 226.

]\ili/j)(ir;/ typically bilaterally symmetrical, consisting of sixteen main mn'serial

stipes, which ai'e produced by I'cpcatcd dichotoinous division through

Didijmo(jrapl'Us, Tclnujrajitiix, and I )ii-li(»jr(ij)las stages.

Thccie simple, overlap[)ing tubes.
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^riie ]i()l_v])ai'y is very siiiiiliii' in its mode ol' dcvclopiiu'iil to l)iclinijr(i/)liis, but

possesses capacity for still greater dieliotoni}' ; and hence, vvliile Ih'rlKKjrd/ifns is

characterised l)y the possession of stipes of three ordei-s only, LinjtduKjrKj/lus lias

stipes of four orders. Thus, in addition to the shoi't JJiih/vingraptns and Trlra-

graptns stages, there is a short-lived Dichograptas stage, each stipe of which quickly

undergoes dichotomous division, resulting in the formation of the sixteen main

stipes of tlie Loganograptas polypary.

It is not the actual number of stipes, but the degree of capacity for dichotomy

which is the essential characteristic of the genus ; thus specimens having seven or

six stipes may be true Loganograpti, but there cannot be fcAver stipes than six. A
typical Loganograptus has sixteen stipes, all of the fourth order; l)ut there may be, and

often is, considerable atrophy. Examples are known showing this in various degrees,

such as twelve-stiped, ten-stiped, seven-stiped, etc. ; but, so far as known, the series

is not quite complete. In a seven-stiped Logaiiograjdus all the stipes of the second

order are developed, but only two undergo further division, so that only four stipes

of the third order are produced ; of these only one undergoes further division. The

number of stipes is therefore made up as follows

:

2^ + 3^ + 2' = 7

Similarly, in a six-stiped form, three out of the four stipes of the second order

persist as single stipes ; the fourth divides dichotomously, giving rise to two stipes

of the third order, one of which persists, and the other is dichotomously divided,

the formula being

—

:3- 4- r* + 2' = G

All the forms of Jjogauograptna at present known seem to bo referable to a

single species, Ij. Logani, although there is great variation in the apparent

width of the stipes, due to the cleavage of the beds and to the method of

preservation.

Loganograptus Logani, Hall. Plate XI, figs. 1 a—g.

1858. GraptoJUhus Logani, Hall, Gcol. Survey Canada Eep., 1857, p. 115.

1859. GrajjtoIUhus Logani, Hall, Pal. N. Y., vol. iii, p. 502, figs. 1—3.

1865. Grax>toliihus Logani, Hall, " Grapt. of Quebec Group," Geol. Survey Canada, dee. 2, p. 100,

pi. ix, figs. 1—9.

18G8. Loganograptus Logani, Hall, "Introduction to Study of Grapt olitidaj," N. Y. State Cab. Nat.

Hist., 20tli Ann. Rep., p. 226.

1868. Dichograpstts Logani, Nicholson, Quart. Journ. Geol. Soc, vol. xxiv, p. 128.

1898. Loganograpius Logani, Elles, Quart. Journ. Geol. Soc., vol. liv, p. 476.

Stipes of first, second, and third orders very short ; main stipes of the fourth

order 5 cm. or more in length, somewhat flexuous, narrow at their origin,

but widening to a maximum of about PG nun. Theca? eight to nine in
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10 mm., ontor wall slio'litly ciu'vcmI, inclined o-")", abnnt fonr times as long-

as wide, and overlapping- half their length. Apertnral margin straight or

very slightly curved, perpendicular.

The stipes of the first three orders are all very short, but they increase in

length with remoteness from the sicula ; thus the stipes of the first order average

1 ram. in length, those of the second order 1"() ram., and those of the third order

2'1 mm. ; dichotomy is therefore complete within 5 mm. from the point of

origin of the stipes.

The details of the thecse are often obscure and hard to determine, but when

the stipes are fully developed they seem to have an average length of nearly 3 mm.

A disc is frequently present, as in Dichog. ocfohrachiafus.

Horizon and Localitief^.—Arenig, Middle Skiddaw Slates.

LaJce District : Outerside ; Barf ; Randal Crag, Skiddaw.

Associates, etc.—Up to the present time this species has only been recorded in

Britain from the Skiddaw Slates of the Lake District, where poorly preserved

specimens are fairly abundant. Many fair examples are in the collection of the

British Museum, the Woodwardian Museum, and the Keswick Museum. The best

specimens come from Outerside.

Genus CLONOGRAPTUS, IlaU.

187;?. Clonograpmts, Hall, compare Nicholson, Ann. Mag. Nat. Hist., ser. 4, vol. xi, p. 138.

rolypnry bilaterally symmetrical, typically possessing at least thirty-t^vo

slender uniserial terminal stipes, produced by repeated dichotomous

division through Didymograptus, Tetragraptus, VicJiograjitns, and Logano-

gra.ptus stages.

Thecse simple overlapping tubes.

The Clonogrnpt.Ks polypary is characterised by the possession of stipes of at

least five orders. Its nearest allies appear to be Loganograptus and Dichograptus.

In Loganograptus stipes of more than four orders do not exist, while in Dichograptus

there are three orders only ; all the earlier stages are short-lived, and nearly equal

in length. In Cloiiograptns, dichotomy is carried one or several more stages

beyond the Loganograptus stage (2*), so that examples are known having stipes of

the sixth order (2"). Again, the distance separating the successive dichotomous

divisions increases gradually and fairly uniformly from the sicula outwards. It

is probable that dichotomy was carried farther still, and that stipes of the seventh

and eighth orders would be found in larger specimens ; it is therefore impossible

to regard any of the terminal stipes as the main stipes.
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Tlio llieciv are often well iji'cscrvcd, and ai-c o'ciicrally visible on tlic stiix's

of tlie tliii-(l, foui'th, and followino' oi-dci's, tliou^'li tlioy are not well seen on the

stipes of the earlier stages.

As in other many-branclied forms, considerable atropliy frequently takes

place; thus, for example, in a typical CIonograpti(s all thirty-two stipes should

belong to the fifth order

:

8'^
-f 8'' + 8^ + 8'' = 132.

But we may have forms in which the nnmber is only seventeen, which is

made n}) as follows :

Cf + 9* + 2^ = 17;

and other aborted examples are known.

Here, again, as in DicJior/yapfus, it is not the number of stipes which is the

essential characteristic of the genns, l)ut the degree of capacity for dichotomy.

The only species that occiu's in Britain in a sufficiently satisfactory state for

specific description is G. tenellus, with its variety G. GaUavei. In these British

specimens the type of thecae is markedly similar to that characteristic of certain

Dicti/oiiema. The American examples of Glonograptus, however, originally figured

by Hall, present the ordinary type of cell seen in other Dichograptids.

Glonograptus tenellus (Linnarsson). Plate XI, figs. 2 a—c.

1871. Dichograptus tenellm, Linnarsson, Ofv. Kongl. Vet. Akad. Fc5rh. Stockhohn, vol. xxviii, No. 6,

p. 795. .

1876. Dichograptus tenellus, Linnarsson, Geol. Mag., dec. 2, vol. iii, p. 242.

1876. TrichograjHus tenellus, Nicholson, Geol. Mag., dec. 2, vol. iii, p. 248.

1880. Dichograptus tenellus, Linnarsson, Geol. Fiiren. Forhandl., vol. v, p. 132.

1882. Dichograptus (?) tenellus, Brogger, Die Sil. Etagen 2 u. 3, p. 37.

1885. Clonograptus tenellus, Herrmann, Die Graptolitenfam. Dichograptidse, p. 96.

1892. Glonograptus tenellus, Moberg, Geol. Foren. Forhandl., vol. xiv, p. 89, pi. ii, figs. 1— 3.

1898. Clonograptus tenellus, Files, Quart. Journ. Geol. Soc, vol. liv, p. 474.

Stipes somewhat rigid, very slender and thread-like, never exceeding '5 mm.
in width even at the apertnres of the thecse. Thecte nine to ten in 10 mm.,

slender tnbes, widening slightly toward their apertures, inclined 20°, over-

lapping for the merest fraction of their length ; outer walls slightly ciirved,

three times as long as wide. Apertural margins concave, oblique, con-

spicuously mucronate.

Description.—Only a few specimens of G. tenellus have as yet been found in

Britain, but these are, as a rule, very well preserved. G. tenellus is characterised

by its extreme tenuity and by the mucronate thecal apertures, which recall strongly

those characteristic of many Didyonemns {D. cervicorne). This last character is,
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liowever, only visible on tlio best preserved specimens, or on tlie more distal

stipes when these are seen in trne profile. Each
Fid. W).— Clonograjitns lenellus,

Linnarsson. tlicca averages 1'5 mm. in length.

Affinities.—The peculiar character of the distal

thec£e in the Shropshire specimens (see Fig. 46) is

not clearly brought out in the figures of the Swedish

examples of (J. tenellus [loc. cit. sujjva) ; but as these

features are seldom seen, being dependent on the

mode of preservation, and the Swedish and British

forms are identical in other respects, we have no

hesitation in referring them to the same species.

The example figured on PI. X, fig. 2 r, from Barf,

has been referred to G. tenellus with doubt.

Horizon and Localities.—Tremadoc. Lower Skiddaw Slates.

N. Wales: Tremadoc (P). SlLvopsMre : Mary Dingle ; Conrad Brook (?). Lalce

District : Barf (r).

Associates, etc.— G. tenellus occurs in Shropshire associated with C, var. Callavei.

It is one of the earliest Graptolites known to us. It also doubtfully occurs in the

Lower Skiddaw Slates of Barf, and in the Tremadoc beds of Wales. Good

specimens of the typical form are in the collection of H.M. Geological Survey.

Distal thccffi in low rolicf.

Dingle, Shineton Shales

II.M. Geological Survey.

Mary
Coll.

Var. Callavei (Lapworth). Plate XI, figs. 3 a—c.

Fig. 47.

—

Clonograptus Callavei.

Lapworth.

1880. ? Bryograjdvs Callavei, Lapworth, Ann. Mag. Nat. Hist. [5], vol. v, p. 165, pi. v, fig. 21.

Description.—In addition to the typical form of Glonogrnj^lns tenellus, there

occur associated with it in the Shineton Shales

examples of a variety, the branches of which are

more rigid and much wider. The theca3 are of the

same type, but larger and fewer in a given unit of

length (eight in 10 mm.). Each theca has an

average length of 2 mm. Figs. 3 a and 3 h, PI.

XII, show the true characteristics of this variety.

llemarJcs. — The specimen originally described

and figured by Lapworth as Bryograptus Callavei

from Mary Dingle, Shineton Shales, has unfor-

tunately been lost. There occur, however, at the

same locality abundant examples of the special

variety of Glonograptus tenellus here referred to.

These agree fully in the number and form of the

Lapworth's descri])tion, and there can be little oi- no doubt that his

Distal thecce in low relief. Enlarge
nient of PI. XI, fig. 3 a.

with
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original {Bri/ograptns Gallavci) was a specinieii of this variety. In favour of tliis

view may also be cited the fact that in Dr. Callaway's collection there is a specimen

of this variety which is labelled Bri/ograptas Gallavei. In future, therefore; the

form hitherto cited as I>ri/ograptas Oallaiwl should l^o referred to Gloiiograpiiis

teneUus, var. Callai-ei

Horizon and Localities.—Tremadoc. Shineton Shales.

Shropmhirc : Mary Dingle ; Garmston.

Associates, etc.—Yar. Gallavei, has \\\) to the present time l)een only recorded

from the Shineton Shales of Shropshire, where it occurs associated with 6'. tmelliis.

The best preserved specimens are in the collection of H.M. Geological Survey.

Note.—On many slabs of Skiddaw Slate there may be observed several dichoto-

mously divided stipes of what may be a species of Glonograptus, thongh in their

fragmentary condition specific determination is not advisable. For the most part

they appear to be the terminal stipes ; they are slender, flexed, and rather delicate,

and have a maxinuim width of about 1 mm. The thecse are very clearly seen ;

they are long, narrow tubes of nniform width, nnmbering eight in 10 mm. ; they

overlap one third their length, and have straight per})endicular apertures.

There are also fragments of some rather more robnst stipes in which the

thecEe are about ten in 10 mm., and overlap half their length.

Genus TEMNOGRAPTUS, NichoUon.

1876. TemnofjrajHus, Nicholson, Greol. Mag., dec. 2, vol. iii, ji. 248.

Polypary robust, bilaterally symmetrical, consisting of an indefinite series of

stipes (at least of seven orders)
,
produced as the result of repeated dichoto-

mous division fi'om primitive Didymograptus-Glonograptas stages. Sti})es

of two earliest stages short ; all those subsequently formed of equal length.

Thccai simple narrow tubes, ovei-lapping for a small poi'tion of their length.

This genus TemaograpAns is characterised by the possession of stipes of at least

seven orders. It is closely related to Gloiiograpfns, but seems to possess greater

capacity for dichotomy ; and in addition, while in GloJiograptas the three earliest

stages are comparatively short-lived, and the succeeding ones progressively longer,

in Temnojraptiis the Dkhjinograptas and Tefvagraptiis stages only are short, and all

the subsequent ones are of equal duration. This implies that after dichotomy has

taken place twice subregularly (2"), it then occurs at regular intervals. The

polypary of Teianograptus is also far larger and more robust than that of Gloiio-

graptas.



86 BRITISH GRAPTOLITES.

Tlie only species Ijeloiiging to tliis genus at present known in Britain is T
midtipJex.

Temnograptus multiplex (Nicholson). Tlate XII, fig. 1.

1868. Dichofjrajjsus multiplex, Nicholsou, Quart. Jouru. Geol. Soc, vol. xxiv, p. 129, j)!. vi, figs. 1—

3

1876. Temnograj)his multiplex, Nicholson, Geol. Mag., dec 2, vol. iii, p. 248.

1898. Ttmnograptus multiplex, EUes, Quart. Journ. Geol. Soc, vol. liv, p. 477, fig. 6.

Stipes very slightly curved and of an approximately uniform width of 2 nnn.
;

stipes of first order short, those of second order somewhat longer, while all

stipes subsequently formed are about 2"7 cm. in length. Angle of divergence

decreasing with remoteness from the sicula. Thecas nine in 10 mm., inclined

30° ; average length 2 mm., three to four times as long as wide ; outer wall

slightly curved ; overlapping one third their length. Apertural margin con-

cave, normal.

Description.—The stipes of the first order [Didymographis stage) are short, not

exceeding 4 mm. in length ; those of the second order (Tetragraptus stage) have a

length of about 8" 5 mm. ; while those of the third, fourth, fifth, sixth, and seventh

orders have a length of 27 cm. The angle of divergence between the stipes

appears to diminish steadily as it gets further away from the proximal end, and

thus between the two stipes of order 2 the angle is about 90° ; between those of

order 3, 75^; batween those of order 4, about 70°; between those of order 5,

50° ; between those of order 0, about 40°.

Nicholson gives the number of thecas as six in

Fm. '^8--^™3™^^«^ multiplex, ^Q ^^^^^^^ (sixteen to iucli), but as many as nine in

p-r^ 10 mm. can be counted on some of the distal stipes.

tl"'5> Affinities.— T. niultiplex resembles at first sight

p-%. the compound Dichograpti {Holog Deani and

V}' Trochog. (Jifasus) ; it should, however, be readily

lf^;\y separated from these l)y the character of its brancli-

|/'/. ing, which is dichotomous throughout. It r(.>sembles

|l,>, the Clonograpti in its branching, but is more robust

^ and possesses greater capacity for dichotomy.
Distal thocae. Enlarfjoment of part of it •

i t t± a • iv/r* in ai • i i

PI. XII, fig. 1.
Jlorizoii and Locality.—Aremg, Middle Skiddaw

Slates. Lake District : Peelwyke, BassenthAvaite.

Associates, etc.— T. imdtlplex has been recorded from the Skiddaw Slates of the

Lake District only. Its associates are unknown. The two ty])e s})ecimens are in

Cliristopherson'B collection, and are on the same slab ; the reverse of one of these

is in the Woodwardian Museum, the reverse of the other in the collection of tlie

Geological Survey at Jermyn Street.



V

BRYOGRAPTUS. 87

Gemis BRYOGRAPTUS, Lapmn-lh.

1880. Briiograptus, Lapwortli, Aun. Mag. Nat. Hist. [5], vol. v, p. 164, pi. v, fig. 22.

Polliparij bilaterally subsymnietrical, consisting of two compound main stipes

diverging at a small angle from a well-marked sicala, and originating similar

compomid or simple stipes either by dicliotomons or lateral division.

TJiecx small, of the Llchoi/rdpfiis type, cylindrical or subcylindrical tubes of

varying inclination, overlapping for a con-

Fios. lo a and h.—Bnjograptus Kjcruifi, siderable fraction of their length.
Lapworth. ...

I

The initial stages of the Bryograptm polypary

) k are in all I'espects comparable with those of Didymo-

% jf\\ f/raptus, the difference behig that in the former after

a longer or shorter period of growth the stipes of

the first order (Didymoqraptiis stage) give off lateral
a. Obvci-so view, showing growtli-lmes

' \ ./ ./ j. o / o
on sicnia. branches from their thecal margins. These lateral

6. Eeverse view, showing crossing canal.
. i mi •

Both specimens on same slab, branches may be Simple or compouud. There IS great
Figured Elles, 'Quart. Journ.Geol. . .

,i v •, r .i • xi
Soc.,' vol. liv, p. 472, fig. 5. Barf, variability withiii the limits or the genus m the
Skiddaw Slates. Coll. W. A. c ,• ^:_ i_ ^ i i n i i

Brend. number 01 stipes ultimately developed, and also m
the type of the branching.

The British Bryograpti fall into two natural serial groups according to the

direction of growth of their main stipes ; thus Ave have

—

(1) Dependent Series.—Guuup I. Type B. Kjerulfi.

B. Kjerulfi,

var. cnmhrensis.

(2) Deflexed Series.—Guour II. Type B. dlvetyjens.

B. divergens.

These groups may theoretically be regarded as including In-anched Didynio-

grapti of the indentus and deflexiis types respectively.

Dependent Series.

Bryograpti in which the main stipes diverge downward, and tend to become

approximately parallel.

Group 1.—Type Br. Kjernlfi.

Bryograpti in which the main stipes are straight, slender, and of uniform

width ; the thecffi are fairly numerous, inclined at low angles, and free for the greater

part of their length.

12
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Bryograptus Kjerulfi, Lapworth. Plate XII, figs. 3 (/, h.

1880. BryoijrajitHs Kjerulfi, Lapworth, Ann. Mag. Nat. Hist. [5], vol. v, p. 1(34, pi. v, fig. 22.

1882. Bnjograjjtus Kjerulfi, Brogger, Die Silur.-Etagen, 2 u. 3, p. 37, pi. xii, fig. 20 a.

1898. Bryographis Kjerulfi, EUes, Quart. Journ. Geol. Soc, vol. liv, p. 4()9, fig. 1.

Main stipes short, r2 to 2 cm. in length, and not exceeding 1 mm. in width;

diverging from a conspicnons sicula at a small angle, and growing subverti-

cally downward ; from their inner or thecal margins originate two or more

symmetrically disposed compound lateral branches. Thecee eight to nine

in 10 mm., inclined 20°, having an average length of 1"5 mm., four times as

long as wide, inclining slightly in the direction of their apertures, over-

lapping one third their length, and having their outer walls slightly curved.

Apertural margins concave.

DescrijMoji.—The polypary is always short ; Lapworth gives the angle of

divergence of the main stipes as 40°, but it often appears larger owing to the mode

of preservation. The lateral branches are symmetrically disposed,—that is to say,

they are given off at similar distances on either side of the main stipes.

The sicula has a length of I "6 mm., and from its
Fio. 50.—Bryograptus Kjerulfi,

Lapworth. apcx a line thread-like prolongation (the nema or

virgula) is often seen to extend.

Affinities.— Br. Kjerulfi. is characterised by its

shrub-like form, and by the fact that the main stipes

have a tendency to run parallel to each other in a

manner which forcibly suggests the lial^it of the later

" tuning-fork " Graptolites.

It resembles its variety oimhrensis in the general

Proximal end, showin-frcHiuent branch- shape and characters of the thecce, but differs in the

^^^:'^'^.Jt7iS^ symmetrical disposition of its lateral branches. From

Snlad^siab i^'AT^alnlT ^r. dhcTgcns it differs in the direction of growth of

the main stipes, and from Br. ramosus, Brogger, in

the number of thecal in a given unit of length.

Horizon and LocalltleH.—Tremadoc ? Lower Skiddaw Slates (Bryog raj) tits beds).

Lake District : Barf.

Associates, etc.—Br. Kjerulfi', occurs in the Lower Skiddaw Slates of the Lake

District associated Avith var. cumhrensis. The species has a gregarious habit, as

may be seen from the slab figured on IM. XII, fig. 3 h.

The best specimens known to us are iu the collections of the Jermyn Street

Museum, Po.stlethwaite, and Mr. W. A. lireud.
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Var. cumbrensis (Ellesj. J'latc XII, iio-s. 1. n-c.

1894. Bnjngraptufi ramosiis, Marr, Gcol. Mao-., p. 130, fit,^s. 1—5.

1898. Brijogiojilus rainoiim, var. cuiuhrenxis, Ellos, QuarL Journ. Gool. Soc, vol. liv, p. 471, figs. 3 and 4.

In addition to the typical species of Br. Kjerulfi, there occur in tlie iSkiddaw

Slates in association with it equally abundant specimens of a form which differs

from Br. Kjerulfi in the unsymmetrical disposition of its lateral In-anches, and it

seems advisable to separate this as a distinct variety.

These sj)ecimens were oi'iginally referred by
^'^-

''-"S-eSEiS"''^'"" Marr {loc. cit. supra) to the Br. ramosus of Brogger,

which they resemble in the general arrangement of

the stipes. It appears, however, certain that

Brogger's species is characterised by far more

closely set thecje, hence this form was separated

later and regarded as a variety of Brogger's

Br. ramosus. It is probable, however, that there is

Proximal end, showing sicuia and long g^sat Variation in the branching of all Bryograpti,
nema. Enlargement of PI. XII,

^^-^^^ ^J^^^^ ^^^ ^^^ definite plan is folloWCd CVCU withiu
fig. 4 a. A

the limits of a single species. Since, therefore, the

forms here separated as var. cnmhrensis agree very closely with Br. Kjerulfi in the

characters of their thecae, and differ only in the possession of unsymmetrically

disposed lateral branches, we prefer to regard them as a variety of that species.

Horizon and Locality.—Tremadoc. Lower Skiddaw Slates {Bryograptus beds).

Lake District : Barf.

Associates.—Var. cnmhrensis occurs in the Lower Skiddaw Slates associated

with Br. Kjerulfi, and also occasionally Avith T. Biffshyi. The best specimens are

in the WoodAvardian Museum and Postlethwaito's collection.

Deflexed Series.

Bryograpti with flexed main stipes diverging doAVUAvard, the initial angle of

divergence being less than 180°.

Group II.—Type Br. divergens.

Bryograpti in which the main stipes are flexed and slender, and from their thecal

margins lateral branches are given off at irregular intervals. Thecae numerous,

inclined at low angles, free for the greater part of their length.
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Bryograptus divergens, HOY. IMate XII, fio-.

1894. 1 Bryograjitus Cnllavci, Marr, Gool. Mag., p. 130, fig. G.

1898. Bnjoijraptm, cf. CaJlavel, Ellos, Quart. Journ. Geol. Soc , vol. liv, p. 470, fig. 2.

Main stipes 1'4 cm. in length, flexed, slender, not exceeding- 'G mm. in width,

diverging from the sicnla at al^ont 1)0°; from their inner thecal margins

nn symmetrically disposed lateral branches are given off. Thecae twelve to

thirteen in 10 mm., inclined 20°, overlapping one third to one half their

length, having an average length of To mm. ; five times as long as wide, of

uniform breadth, and with outer walls slightly curved. Apertural margins

straight, oblique, with nmcronate denticle.

i)e6'cr?j}^{o?i.-^Unfortunately one specimen only of this species is known, and

that shows merely two incomplete lateral branches arising at different levels on

each of the main stipes.

The sicula is incomplete, but must have been at

least 1"2 mm. in length.

Bemarls.—This species was at first regarded as a

possible variety of Lapworth's Br. GaUavei. Since

that form is now known not to be a Brj/ograptus

(see p. 84), it is necessary to give this specimen a

new name. B. divergens differs from other British

Bryograpti in the wader divergence of the main

stipes.

Horizon and Localiti/.—Tremadoc (P). Lower Skiddaw Slates.

LaJce District : Barf.

Associates, etc.—The solitary specimen of ]h-. diverge)is at present known is in

the Woodwardian Museum. It was found in the Skiddaw Slates, but its associates

are unknown.

Fig. 52.

—

Bryograptus divergens, s-p.nov.

Proximal end, obverse view
ment of PL XII, &s

Genus TRICHOGRAPTUS, Nicholson.

1876. Tricluxjrapiun, Nicliolsou, Geol. Mag., dec. 2, vol. iii, p. 248.

Polypary bilaterally symmetrical, consisting of two very slender, reclined,

uniserial main stipes, from the thecal margins of which long, slender, flexed

lateral branches are given off.

Thecas approximately of the simple Dichograptid type, overlapping for a very

small fraction of their length.
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This o-ouns mig'lit l)e rcgai-ded as iiitxM'iiiediak' in cliaractci' Ix'twccii tlic Diclio-

graptida^ and the liCptograptid*. It appvoaches closclv to Cit'iiof/niplii.s (of

Hall) in the teiinity (if its stipes and general mode of bi-anching. its characters

in many respects a])proximate also to those of Pferograpfus, TTolm ; Ijnt the

angle of divergence of the two main stipes, which in that genus is less than

90°, is here over 1 80°. The form of the thecse, however, so far as can be made

out, appears to link it rather with the Dichograptidoe than the Leptograptid.B.

Hence it seems best, in the present state of our knowledge, to i^egard it theoretically

as a very slender reclined compound DicJi/mngnipfin^, from the tli(>cal margins of

which simple lateral bi-anches are given off.

Only one British species has yet been recorded, viz. Tricho/jrajifns fnigilis.

Trichograptus fragilis (Nicholson). Plate XII, fig. 5.

18G9. Biclwgrapsus fragilis, Nicholson, Aun. Mag. Nat. Hist. [4], vol. iv, p. 232, pi. xi, figs. 1— 3.

187G. Trichograjdiis fragilis, Nicliolson, Geol. Mag., doc. 2, vol. iii, p. 248.

1898. Trichograptus fragilis, Elles, Quart. Journ. Geol. Soc, vol. liv, p. 476.

Main stipes straight, 1 cm. or more in length, originating from a conspicuous

sicula, and converging iipward and backward upon the nema ; from their

thecal margins three (or more) lateral branches are given off near the

proximal end. Thecce nine to ten in 10 mm., inclined at 28°, average length

1'5 nun., three to four times as long as wide; outer walls straight, over-

lapping one quarter to one third their length. Apertural margins normal,

straight.

Description.—The whole polypary is very small ; the main stipes seem rather

straighter than the lateral branches, which have a length of about 2 cm. All the

stipes are characteristically slender and thread-like, having an average width of

•5 mm. The first lateral stipe is given off at a distance of about 1 mm. from the

sicula, and there is a distance of about 1 "4 mm. between each of the others. This

first seems to originate at about the length of a single theca from the sicula.

The sicula is small, measuring only '5 mm. in
Fig. .")3.

—

Trichograptus fragilis, i,i ,t t •
i

• • "xj^i
Nicliolson. length ; nevertheless it is conspicuous, owing to the

V
j

extreme tenuity of the stipes.

j^ Affinities.— T. fragilis may be distinguished from

^^j all other Dichograptidae by its extreme tenuity and

\ its mode of growth.

v^ Horizon and Localities.—Llanvirn, Upper Skid-

>^j
daw Slates.

V) Lahi District : Thornship Beck, near Shap

;

Thecce on one of the lateral branches. Ashlock Sikc.
Lnlargeuient of PL XII, fig. 5.

Associates, etc.—The associates of T. fragilis arc
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unknown, and np to the present time it lias only been recorded from tlie Skiddaw

Slates. 'i'-\vo specimens only are known to ns ; both of these belonged originally to

Nicholson, and are now in the Natnral History Mnseum, Sonth Kensington.

NOTE.

There remain two so-called genera to be descril)cd in tliis connection. These

are Azygograjptus of Lapworth, and Phyllograptus of Hall.

Azygograptus has wholly lost the power of dichotomy, so characteristic of the

typical members of the Dichograptid family ; and the genns inchides within it, as

at present understood, a form showing characters approximatir.g in some respects

to those of the Leptograptidte.

Phijllograpfiis, while fully retaining the thecal characters of the Dichograptidse,

and their power of dichotomy, has acquired more or less the outward Itabit of

Dqdograptu.s.

Genus AZYGOGRAPTUS, Nicholsoii and Lapworth.

1875. Azygograptus, Nicholson, Ann. Mag. Nat. Hist. [4], vol. xvi, p. 2G9.

1898. Azygograptus, Elles, Quart. Journ. Geol. Soc, vol. liv, p. 153.

Polyimry simple, unilateral, consisting of a single stipe originating from the

sicula at various levels, and bearing thecfe on one side only.

Thecx distant, overlap small, inclination uniformly low.

The original description of this genus was founded on the characters of

Az. Lapivorthi, and it was regarded as belonging to the family Leptograptidse

(Nemagraptidae). But abundant examples of Az. Lapnrorflii subsequently obtained,

show that this species at any rate possesses the ordinary characters of some of the

slender forms which are grouped with the Dichograptidce (for example, Diclymo.

graciliH), and thus the type species in this genus is consequently best regarded as a

Dichograptid in which the power of dichotomy is altogether lost. This conclusion

wodld in the meantime carry with it the systematic position of the entire genus

as at present understood. Two out of the three other known species of the genus

present similar characters; but the third (Az. coelehs) shows in certain particulars an

approach to the Leptograptidae, and might perhaps be regarded as a transitional

form between the two families.

Holm has described a form (' Geol. F(")ren. Forhandl.,' Bd. xvii, H. 3, p. 839)

which he believes is intermediate between Didymograpt'm and Azygograptn.'^. In a

normal Dldymograptiis, as already described, there are present ^^jiwimary stipe and a

Hecond stipe, communicating with each by means of a crossing canal ; in Holm's

intermediate form there is a primary stipe and a crossing canal, but no second stipe

is developed : the foi-ni is, in fact, an ahoiicd Didymograptn.^. 01)vious]y, there-



AZYGOGRAPTUH. 93

fore, further abortion might lead to the non-development of the api)arently funetioii-

less crossing canal : and this seems to be precisely what we have in Azygograjjtus.

The Azygog-rapti fall into three groups, according to the characters of the stipe

and the tlieca3 ; these groups are as follows :

Group I. Type A::. Lnpujorthi.

Az. Lainrortlii.

Az. HicJcsii.

Group II. Type Az. suecicus.

Az. saecicns.

Group III. Type Az. cwlrhs.

Az. ccelehs.

Group I.—Type Az. Lapwortld.

Azygograpti in which the dorsal wall of the stipe has a graceful convex

curvature ; the stipe originates at a point on the sicula midway between the apex

and the aperture, and grows at once outward ; the tliecae are large, and the

amount of ovei-lap is small.

Azygograptus Lapworthi, Nicholson. Plate XIII, figs. 1 a, h.

1875. Azijgograptus Lapworthi, Nicliolsou, Auu. Mag. Nat. Hist. [4], vol. xvi, p. 2G9, pi. vii, figs. 2, 2 c.

1898. Azygograjdus Lapworthi, EUes, Quart. Jouru. Greol. Soc, vol. liv, p. 513.

Stipe considerably curved, 2'5 to 5 cm. in length, slender at origin, but

gradually increasing up to a maximum Avidtli of about 1 mm. ; originating

from a conspicuous sicula at a point about midway between the apex and

aperture. Tliecge seven to eight in 10 mm., long and narrow, four to four

and a half times as long as Avide, and widening towards their apertures;

outer walls straight, or with slight concave curvature near the sicula;

inclination 20", in contact only. Apertural margins straight, perpendicular.

Descriptiun.—The stipe is always convexly curved ; it is slender at its origin,

the width opposite the aperture of the first theca rarely exceeding "5 mm., but it

increases steadily till it I'eaches the maximum of about 1 mm.

The sicula is large and conspicuous ; when coni-

Nicholson. plete it measures fully I'o mm. m length (iNicholson s

measurement is somewhat less), and is always com-

pletely free in its apertural region. Occasionally

transverse rings may be seen very near the apical

end.

Eniai-K-cmont of one of Tlic first thcca ai)i)ears to yrow out from the
ou PI. XIII, fi^. la.

. .
'

^ -^

sicula at a point midway between the apex and the

aperture, and curves away at once ; hence the connection between the stipe and the
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siciila is very slender, and as a consequence the stipe is frequently found In^oken at

this point. The length of a mature theca is about 2*5 mm.

Affinities.—Azj/gograptus Lapworthi resembles some examples of Az. Hicksii in

tlie curvature of the stipe, but differs in having shorter and more closely set thecse.

From the other two species

—

Az. coehhs and Az. siiecicus—it can be easily separated

by the curvature of its stipe and the position on the sicula at which the stipe

originates.

Horizon and Localitij.—Arenig, Middle Skiddaw Slates {Diclior/rapfas beds).

Lal-e Didrid : Hodgson How Quarry, near Portinscale.

Associates, etc.—Up to the present time this species has only been recorded

from the Skiddaw Slates, where it is very abundant at a certain horizon. It has

not been found associated with any other forms. Several good specimens are in

the collections of the Keswick Natural History Museum, the Woodwardian

Museum, the British Museum, and in the private collections of Lapworth,

Nicholson, Postlethwaite, and the authors.

Azygograptus Hicksii (Hopkinson sp.). Plate XIII, figs. 2 a—e.

1875. Tetrcujraptus Hicksii, Hopkinsou, Quart. Joum. Geol. Soc, vol. xxxi, p. G51, pi. xxxiii, figs.

12 a-d.

Stipe considerably curved, 2-5 to 7'5 cm. in length, slender at origin, but quickly

attaining a maximum width of about Vo mm., originating from a con-

spicuous sicula at a little distance above its aperture. Thecte four to five in

10 mm., very long tubes, three times as long as wnde, widening gradually in

the direction of their apertures, with concavely curved outer walls ; inclina-

tion 10° to 15°, overlap increasing from mere contact to one third tlieii'

length. Apertural margins slightly concave, oblique.

Descrijjtion.—The stipe is slender at its origin, being about 'O mm. in breadth,

but it widens rajjidly up to about I'O nun., and thereafter no further increase takes

])lace even in stipes having a length of 7"0 cm.

The sicula is conspicuous but narrow ; it has a

length of 1-7 mm. The first theca originates

approximately in the centre of the sicula, grows

slightly downward, and then sometimes curves out-

ward in a manner recaUing that of Az. Lapworthi

;

but the amount of curvature of the stipe varies con-

siderably in different individuals, though it is always

convex.

The theccU are about o mm. in length ; they are

inclined from 10° to 15°. In the proximal region of

Fio. 55 a.-

Hopkinson.
Hicksii,

\

A^

>
Prox UUll

1'

enil. Enliu--. lUC it oi
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the stipe tliey are in contact only, but tliey may
H.—Azygogmplus Hicksii, '- "^

_ _ . .

Hopkinson. ovei'la}) for One tliird of tlieir length in the distal

portion. The apertnral margins are straight or

slightly concave, and according to preservation may
Distal thoca\ whitosand Bay. Coll. a])]X'ar perpendicular or oblique.

Woodwardian Museum.
. ^ . . ...

Affinities.—Az. HicJcsii somewhat resembles Az.

Lapworthi in the mode of origin and curvature of its stipe ; it can, however, be

readily distinguished from that form by its longer and more distant thecse. The

curvature of the stipe, and its mode of origin, also distinguish it from the tAvo other

known species, Az. coalehs and Az. suecicus.

RemarJcs.—This form, originally described by Hopkinson as a Tetragraplus, is

a well-marked Azygograptus. We refigure the type specimens (PI. XIII, figs. 2

a—c), and it will be seen that the apparent branching is due to the accidental

association of several stipes, the direction of the tliecse showing that they belong to

several individuals. In the specimen figured by Hopkinson as 12 c and 12 d, the

structure at the termination of the stipe, which looks like a fragment of another

stipe, is the sicula ; and in addition to the forms figured by him, there are several

well-preserved specimens in the same collection in which the proximal end is com-

plete. It is a characteristic habit of this form that several individuals should occur

together in more or less tangled confusion.

Horizon and Locality.—Middle Arenig (of Hicks).

St. DavicVs District : Whitesand Bay.

Associates, etc.—Azygograptns Hiclsii has not yet been found associated with any

other fossils. All the specimens known to us come from the Middle Arenig rocks

of "Whitesand Bay. They were collected by Hicks and Hopkinson, and by them

were presented to the Woodwardian Museum.

Group II.—Type Az. suecicus.

Azygograpti in which the stipe generally grows rigidly outward and down-

ward; and, originating slightly above the aperture of the sicula, is appressed to the

latter for a short distance ; the thecse are long and narrow, and the amount of

overlap is small.

Azygograptus suecicus, Moberg. Plate XIII, figs, o a—ii.

1891. Azyyograjitus succims, Moborg, Geol. Foreia. Forliaudl.. vol. xiv, p. 342, pi. viii, figs. 1 aud 2.

1898. Azygo/j/rajdus suecicus, Elles, Quart. Jouru. Geol. Soc, vol. liv, \>. 514, fig. 29.

Stipe rigid or with very slight curvature, 1—4 cm. in length, of a uniform

width of -8 mm., growing straight downward from the aperture of a

13
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conspicuous sicula, and making with it an angle of 145°. Tliecse seven to

eight in 10 mm., long narrow tubes ; outer walls with slight double curvature,

seven times as long as wide, proximallj in contact only, but overlap increasing

distallj to one third their length ; inclination 15°. Apertural margins

straight, acute, perpendicular.

Description.—The sicula is very long and narrow,
Pia. m.-Azygooraplus suecicus,

i^^-^^^ f^^^^ ^.q ^^^^ -^^ ^gj^^j.^^ . ^j^^ ^^-^^^ appears to

arise close to the aperture, but in reality the first

theca arises slightly higher up, and is appressed to

the side of the sicula for a short distance, and
"^ then grows straight downward lieyond its aperture.

The average length of each mature theca is about

2 mm.

Affinities.—The size and generally rigid look of

the whole polypary furnish characters whereby

Proximal end, showing sicula. Figured ^^li^s spccics cau be readily distinguished from Az.

^\:!tt,f^2^''in£^l LapwortU or Az. HicJcsvi. The stipe very rarely

n'lxiilfijsi.*^''
'''''°''"'''' ""^ approaches the horizontal direction of growth

characteristic of Az. coelehs, from which species it

may further be separated by the form and number of the tliecse.

Horizon and Localities.—Arenig, Middle Skiddaw Slates (Upper Tetra-

graptus beds).

LaJce District : Barf ; north-east Sleet How, west of Braithwaite ; Carlside

Edge. Lleyn Peninsula : Parwyd.

Associates, etc.—A. suecicus has, up to the present time, only been recorded in

Britain from the Skiddaw Slates and the Upper Arenig beds of the Lleyn Peninsula,

where it occurs in association with D. hirundo and D. gibberulus. It is abundant at

a corresponding horizon in Sweden, and seems to occur with the same associates.

Good specimens are known in the collections of the Keswick Natural History

Museum, the Woodwardian Museum, and in Postlethwaite's private collection.

Group III.—Type Az. coelehs.

Azygograpti in which the stipe grows in a horizontal direction ; but,

originating near the aj)ex of the sicula, is appressed to the latter throughout its

length ; the thecsc are long and narrow, and the amount of overla}) is small.
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Azygograptus coelebs, Lapworth. Plate XIII, figs. 4 n, h.

1880. Azygograptus ccelvhs, Lapworth, Aun. Mag. Nat. Hist. [5], vol. v, p. 150, pi. v, figs. 16 a— c.

1898. Azygograptus coelebs, Elles, Quart. Joarn. Geol. Soc, vol. liv, p. 514.

Stipes very slightly curved, 1'5 to 5 cm. in length and of uniform width of

about "5 mm., apparently growing out from the major extremity of a small

but relatively broad sicula in a direction perpendicular to its long axis.

Thecse ten in 10 mm., narrow tubes of uniform width, seven times as long

as wide, inclined at 15°, in contact for more than half their length near the

sicula, but with overlap diminishing distally ; outer walls with slight double

curvature. Apertural margins acute, straight, facing slightly inward.

Descriptio7i.—The stipes may be as long as 5 cm. ; they occur, however, more

commonly in a fragmentary condition not exceeding 1*5 cm. in length.

The sicula is small and broad, but is nevertheless
Fig. ^o7 a.-^A^y^ograptus cwiehs,

^^^-^^ couspicuous ; it mcasurcs about 'O mm. in

length, and is considerably shorter and wider than

that of Az. Lapworthi. The thread-like virgula

Type specimen, showing details of growiug from the apcx of the sicula can occasionally
proximal end in relief. Figured i flpfppfprl
Lapworth, 'Ann. and Mag. Nat. '^'^ ueieoueu.

g^rgiS'^c^'i;^^^^^^^^
The earliest theca generally appears to arise

close to the aperture of the sicula, but in well-

preserved specimens it can be seen that the actual point of origin is near its apex,

and that throughout its earliest period of growth the theca is closely appressed to

one side of the sicula, but after reaching the apertural region it takes a sudden

curve outward, and all the thecsB subsequently developed are straight and

practically horizontal.

The average length of each mature theca is

Fio.ro7i,-Azyg^ojp-aptusc,,iehs,
^^^^^^^ ^ mm., and even the earliest formed ones

appear to be of the same length. The amount of
'^.'^>^--p^£:-"y^^s^

overlap decreases from one half to two thirds at the
Distal thecal. Enhirgement of PI. XIII, proximal end to a quarter towards the distal end.

The thecse show an approach to the Leptograptid

'

type both in the form of their apertures and in the slight double curvature of their

walls.

Horizon and Locality.—Llanvirn, Upper Skiddaw Slates (Ellergill beds).

Lake District : Ellergill.

Associates, etc.—Up to the present time Az. coeleJjs has only been recorded from

the Skiddaw Slates, and is apparently confined to the highest beds of that series,

where it occurs in association with TJiplog. clentatus ; l)ut it is alwa^'S rather rare.
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The best specimens are in Tiapwortli's collection and that of the Woodwardian

Mnsenm.

Character-'^ of the different f^pecies of Azygograpti.

Group I. Group II. Group III.

Az. Lapivorthi Az. Hicksii. Az. suecicus. Az. coelehs.

Character of stipe Flexed Flexed Kigid. Straight and
horizontal

Maximum widtli of stipe . . . 1 mm. 1-6 mm. 0-8 mm. 0-5 mm.

Length of sicula 15 mm. 1-7 mm. 16 mm. 0-9 mm.

Origin of ill. 1^ Central Central Suboral Apical

No. of thecal in 10 mm. . . . 7-8 4—5 7-8 10

Inclination 20'^ 10°—15° 15° 15°

Overlap 0-i 0—i 1.—X

Average apertural angle . . .
90° 90°- 100° 90° 85°

Genns PHYLLOGRAPTUS, Had.

1858. Phyllograptus, Hall, Geol. Survey Canada Eep., 1857, p. 135.

PoJi/jMry foliiform, bilaterally symmetrical, consisting of four uniserial main

stipes, Avliich are produced by dichotomous division from a primitive

Didynwgrapfns stage, and which coalesce by the whole of their dorsal

surfaces. Sicula embedded.

ThecdB single cylindrical or subcylindrical tubes of approximately uniform

width, usually in contact throughout their length.

The species included in this genus constitute a group which might almost cause

them to be regarded as merely a sccvndeiit series of Tetragrapti, were it not that a

new feature is introduced into their structure whereby the stij)es are actually fused

along the entire length of their dorsal walls, and constitute as it were two inter-

secting ovals.

The initial stages of development appear to be in all respects comparable with

those described for Tetragraptus.
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Phyllograptus, cf. typus, Hall. Plate XIII, figs. 5 a, h.

1858. 2'hyllograptus tijpus, Hall, Geol. Survey of Canada Rep., 1857, p. 137.

1865. Phyllograptus typus, Hall, Graptolites of the Quebec Group, p. 119, pi. xv, figs. 1— 12.

1868. Phyllograpsus typus, Nicholson, Quart. Journ. Geol. Soc, vol. xxiv, p. 138, yl. v, fig. 16.

1898. Phyllograptus typus, Elles, Quart. Journ. Geol. Soc, vol. liv, p. 494.

Stipes united so as to form a polypary with elongate-ovate, l)roacl oval, or

obovate outlines. Tliecfe nine to ten in 10 mm., direction of growth and

curvature varied, five to six times as long as wide ; in contact throughout

their length. Apertural margins concave, mucronate, very oblique.

Description.—This species is exceedingly variable in form, the known length

in our British examples ranging from 31 to 57 mm., and the breadth from 6*3 to

10 "5 mm.
The variation in shape appears to be largely dependent upon the amount of

curvature of the thecse, which varies very much in different individuals.

The thecge are curved throughout the whole length of the polypary ; they are

nearly horizontal in the proximal part, but curve back so that the aperture is

directed downward. The curvature is less in the middle of the stipe, and the line

of the aperture becomes parallel to the general direction of the polypary. Above

this the aperture becomes oblique, and the thecse are inclined at higher and higher

angles, so that eventually, at the distal end, the apertures of the thecse lie almost

perpendicularly with regard to the axis of the polypary, a complete change in

direction having thus been effected.

The sicula appears to be 1"6 mm. in length, and the first theca is developed

from near the apical end. There is occasionally a spinous projection from the base

of the sicula.

AiRnities.—The British specimens here doubt-
Fia. 58.—Phyllograptus typux, Hall.

^' ^

fully referred to Phyllograftus tyjms are never so

^^± large as the typical American form, and do not as a

^-'M^ rule show the prominent sicular spine so conspicuous

^^^ ^^ *^^ American examples ; at the same time they

^M^^ have ])ot the characteristic appearance of Vhyllog.

^-'-MjIIg^ angustifolius. Although their relative proportions

W'^^!^'^ as regards length and Avidth are comparable with

fe>^'^^ the American form, yet the foregoing distinctions

'\ ^' may possibly some day show them to be a distinct

f variety. Since, however, our specimens have all

Specimen from Hall's original locality, ^ecu much affected by clcavago, and are generally

Britisf'exampierCr bSow ^ore or Icss indifferently preserved, we prefer to

GeoioSaisurvr'
^°^^- *^'''"'^'^'''''' refer them provisionally to Hall's spccics. For the
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purposes of comparison we give a figure of one of the Canadian specimens, in the

collection of the Canadian Geological Survey, from Hall's typical locality at the

beach below Point Levis.

Horizon and Localities.—Arenig, Middle Skiddaw Slates (upper beds).

Lake District : Barf ; Whiteside ; Carlside ; Randal Crag ; Thornship Beck

;

Glenderamakin Valley ; Mungrisedale.

Associates, etc.—P., cf. typns, is not an abundant form in the Skiddaw Slates.

It occurs in the upper beds of the Middle Skiddaw Slates associated with F. an-

gustifoUtis. It has also been recorded by the Geological Survey of Scotland from

the Arenig beds of Bennane Head, but it is doubtful whether the specimens

belong to P. tyims.

The best specimens known to us are in the Woodwardian Museum and the

Keswick Museum, in Postlethwaite's collection, and in the Natural History Museum,

South Kensington.

Phyllograptus angustifolius. Hall. Plate XIII, figs. 7 a^.

1858. Phyllograptus angustifolius. Hall, Greol. Survey Canada Eep., 1867, p. 139.

1863. Phyllograptus angustifolius, Salter, Quart. Journ. Geol. Soc, vol. xix, p. 137, figs. 7 a, h.

1865. Phyllograptus angustifolius. Hall, Grrapt. of Quebec Group, p. 125, pi. xvi, figs. 17—21.

1868. Phyllograpsus angustifolius, Nicholson, Quart. Journ Geol. Soc, vol. xxiv, p. 132.

1898. Phyllograptus angustifolius, EUes, Quart. Journ. Geol. Soc, vol. liv, p. 496.

Stipes united so as to form an elongate-ovate polypary of variable length and

breadth. Thecas eleven to thirteen in 10 mm., inclination increasing

steadily towards the distal end, three times as long as wide, free for a

small fraction of their length near the aperture. Apertural margins con-

cave, with conspicuous denticle, very oblique.

Description.—The dimensions of this species vary greatly in different in-

dividuals ; the length may be anything below 50 mm., and the width may be as

great as 8*7 mm., but is more commonly 4*2 or 4-8 mm. The greatest breadth is

generally attained near the base of a long specimen, and, in fact, the polypary is

often wider there than at any subsequent point along its length.

The curvature of the thecae is very similar to that of P., cf. tyf)us, the thecoe

at the proximal end coming out nearly horizontally, and then curving slightly

back and down ; but the subsequent curvature is far more uniform than is the

case with P., cf. ti/pus, where there is an appreciable diminution in the centre of

the polypary.

The form of the thecal apei'ture with its loug denticle is characteristic, there

being a greater extension on the lower tliau on the upper side ; this denticle may
be one and a half times as long as the width of the theca^ (1 mm.).
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AJJinlties.—Tliu sliorter and broader forms of /*. angustifoUiis ai)proacli /'.,

^^ „, „ , ,.^. ,, cf. ti/2)us iu general sliai)e, but can l^G distino-uislied
I. 59.

—

PhyUofiraptus anijushjohus, '
-^ o i ^ i^

Hall. bj—
^j^*v , (1) the form of the thecal apertm'e,

.^^/v^^^-i (2) the greater number of theca; in a given

"*€;,
I unit of leno-th.

-^"^>v|j
\

Horizon and Localitie!^.—Arenig, Middle Skid-

^^^-h-' ' thiw Slates.

Lake District : Barf ; Carlside ; Whiteside
;

Distal thecce in relief, showin;;); form of -n -i t /^ -r-> .-i -j. c< i t i ir 1

1

aperture. Enlargement of PL iA^andal Urag ; iiassenthwaite hand- beds ; Knott
XIII, fig. 7.. x5. Head, Whinlatter; Ellergill.

Associates, etc.—P. angustifolius has as yet only been recorded from the Skiddaw

Slates, where it seems to be a very abundant form ; numerous specimens collected

from various localities are in the collections of the Woodwardian Museum, the

Keswick Museum, the British Museum, and in the private collections of Postle-

tliAvaite and the authors. It occurs associated with F. tj/pus, P. anna, Tptragraptus

Bigshgi, and Dicliograptus octohracldatus, and would thus seem to have had a fairly

long range in time.

Phyllograptus anna. Hall. Plate XIII, figs. 6 a^.

1865. Phyllograptus anna, Hall, Grapt. of Quebec Grroup, p. 124, pi. xvi, figs. 11—16.

1898. Phyllograptus anna, Elles, Quart. Jouru. G-eol. Soc, vol. liv, p. 494, fig. 16.

Stipes forming the polypary united so as to form two small narrow intersecting

ovals, which are widest in their central portions. Thecae fourteen to sixteen

in 10 mm., direction of growth constant, curvature varied in amount, three

times as long as wide, in contact throughout their length. Apertural

margins concave, mucronate, oblique.

Description.—The polypary is always very small ; none of the specimens exceed

127 mm. in length ; they appear to be

FiGs.QOaa.U'Xh.—Phyllograptus anna, 'H.aW. COmUlOuly about 10"5 mm. loug, and liaVC

I a maximum width of 5 mm., which is

Vu;i:'f^.- -^filX: J ..^ attained a little distance below the distal

'J^.f ; v;^^ ^ The polypary seems to be developed on

i"i¥^^ ' '^ the same general plan as that indicated by

K Holm for the species P. angustifolius. The

a h sicula is long, probably about 2 mm., and

a. Impression of proximal end, showing inJications tllC first tllCCa, wllicll appears tO arise
of virgula. Enlargement of PI. XIII, fig. G c.

i i i
•

i

h. Proximal end. Enlargement of PI. XIII, tig. G/. near to its apical end, rescmblcs the sicula
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in form. The line of tlie virgiila seems to be indicated, but it terminates Avitli the

polypary, or, at any rate, has never been observed to project beyond it. All the

thecge are curved, and are directed upward and outward, though the curvature

decreases from the proximal to the distal extremity of the polypary.

Affinities.—F. anna is characterised by its small size and closely set thecaj ; these

particulars serve to separate it from all other known species except P. ilicifolius,

from which it can, however, be distinguished by the constant direction of curvature

of the thecEe as contrasted with the change in direction of growth of the thecae of

P. ilicifolius.

Horizon and Localities.—Arenig, Middle SkiddaAv Slates.

Lalee District : Randal Crag, Skiddaw ; Barf; Carlside Edge. SoiiJh Scutlaud :

Bennane Head, Ballantrae.

Associates, etc.—P. anna occurs in some abundance at certain horizons in the

Skiddaw Slates associated Avith P. a.ngustifolius. Specimens are in the collection

of the WoodAvardian Museum and in Lapworth's and Postletliwaite's private

collections.

Phyllograptus ilicifolius, var. grandis, Elles. Plate XIII, fig. 8.

1898. Phyllograptus ilicifolius, var. grandis, Elles, Quart. Jouru. Geol. Soc, vol. liv, p. 493, fig. 15.

Stipes constituting the polypary so united as to form two broad intersecting

ovals, each of which is widest at its upper end. Thecse eleven to thirteen

in 10 mm., amount of curvature and direction of growth varied, four and a

half times as long as Avide, and in contact throughout their length. Aper-

tural margins concave, mucronate, oblique.

Descrijption.-—The polypary has a length of 25 mm. and a maximum Avidth of

1 5 nun. The curvature and direction of growth of the thecse in different pai'ts of

the polypary are highly characteristic ; near the proximal end they first ascend, and

then curve out and down ; in the centre of the stipe they are so slightly arcuate

that they appear almost horizontal ; Avliile toward the distal extremity they are

directed outward and upward, and ultimately almost straight upAvard.

Affinities.— P. ilicifolius, var. grandis, closely resembles those specimens of

P. ilicifolius which Hall has figured, but it is three times the size of the Canadian

forms.

Horizon and Locality.—Arenig, Middle SkiddaAV Slates.

Lake District : north-east Sleet How, KesAvick.

Associates, etc.—The associates of this form are unknoAvn. The type specimen

is in the WoodAvardian Museum.





PLATE V.

Geiuis Tetragraptus, Salter.

FIGS.

1 a—e.—Tetragraptus quadribrachiafns (Hall).

] a. Fairly preserved example from Outersicle. Skiddaw Slates.

British Mviseum (Natural History), S. Kensington.

1 h. Specimen indifferently preserved. Haykin Gill. Skiddaw Slates.

Woodwardian Museum.

1 c. Ibid. Randal Crag. Skiddaw Slates. Postletliwaite's Collection.

1 d. Small specimen, well preserved, showing details of thec^e. Barf.

Skiddaw Slates. Woodwardian Museum.

1 e. Single stipe. Figured, Hopkinson, Quart. Journ. Geol. Soc,

1875, pi. xxxiii, figs. 9 a, b. Whitesand Bay. Middle Arenig

(Hicks). Woodwardian Museum.
2.

—

Tetragrajdus crncifer (Hall).

Poorly preserved specimen, but showing disc. Barf. Skiddaw

Slates. Postlethwaite's Collection.

3 a, h.—Tetmgrapttts Headi (Hall).

3 (I. Indifferently preserved specimen, showing large disc. Randal

Crag. Skiddaw Slates. Postlethwaite's Collection.

3 h. Very large specimen, without disc. Randal Crag. Skiddaw

Slates. Lapworth's Collection.

4 a—c.—Tetragraptus Amii, Lapworth, MS.

4 a. Specimen well preserved, ])ut showing three complete stipes only.

White Horse, N.W. of Skiddaw, above Barkbath Dale.

Skiddaw Slates. AYoodwardian Museum.

4 h. Typical form. On same slab as 4 a.

4 c. Specimen distorted by cleavage. Figured by Hopkinson as

Tctragrapdus serra, Quart. Journ. Geol. Soc, 1875, pi. xxxiii,

fio-. 10. Whitesand Bav. Woodwardian Museum.
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PLATE VI.

TetragraptuS (continued) and SchizOgraptuS, Nicholson.

FIGS.

1 a, b.—Tetragraptvs Posflethwaiti, Elles.

1 a. Typical form, reverse view. Figured, Elles, Quart. Journ. Geol. Soc, 1898, vol. liv,

p. 492, fig. 14 b. Carlside Edge. Skiddaw Slates. Postlethwaite's Collection.

1 b. Incomplete specimen, showing only three stipes. Ibid., fig. 14 c.

2 a, b.—Tetragraptus fruticostis (Hall).

2 a. Fragment, obverse view. Bennane Head, Ballantrae. Lapworth's Collection.

2 b. Another fragment. Ibid.

3 a— d.—TetragraptuS pendens, Elles.

3 a. Long specimen. Figured, Elles, Quart. Journ. Geol. Soc, 1898, vol. liv, p. 491, fig. 13.

Barf. Skiddaw Slates. Postlethwaite's Collection.

3 h. Ibid., fig. 13, op. cit.

3 c. Ibid., fig. 13, op. cit. The three foregoing specimens are preserved upon the same slab.

3 d. Eeverse view, specimen preserved as an impression. Barf. Skiddaw Slates. Postle-

thwaite's Collection.

4 a—/.— TetragraptuS serra (Brongniart).

4 a. Large form, preserved partly as a cast, partly as an impression. Great Knot, Kandal
Crag. Skiddaw Slates. Woodwardian Museiun.

4 b. Specimen preserved as an impression, showing sicTila. Kandal Crag. Skiddaw Slates.

Woodwardian Museum.
4 c. Compressed specimen. Figured by Hopkinson as T. HalU, Quart. Journ. Geol. Soc,

1875, vol. xxxi, pi. xxxiii, fig. 11 a. Whitesand Bay. Middle Arenig. Wood-
wardian Museiun.

4 d. Ibid., fig. 11 b, op. cit.

4 e. Specimen showing two stipes only. Carlside Edge. Skiddaw Slates. Postlethwaite's

Collection.

4/. Nara'ower fomi. Outerside. Skiddaw Slates. British Museum (Natural History),

S. Kensington.

5 a— e.
—TetragraptuS reclinatus, Elles and Wood, sp. nov.

5 a. Two specimens in association. Whinlatter. Skiddaw Slates. Postlethwaite's

Collection.

5 b. Reverse aspect of 5 a, showing form of thecse.

5 c. Two specimens in association. Eandal Crag. Skiddaw Slates. Postlethwaite's

Collection.

5 d. Distorted specimen. Carlside Edge. Skiddaw Slates. Fitz-Park Museum, Keswick.
5 e. Specimen showing sicula. On same slab as 5 d.

6 a— e.

—

TetragraptuS Bigsbyi (Hall).

6 a. Specimen presenting the typical form. Skiddaw Slates. Lapworth's Collection.

6 b. Form showing sicula, preserved as an impression. White Horse Fell. Skiddaw
Slates. Woodwardian Museum.

6 c. Well-preserved specimen ; an impression. Bassenthwaite Sand-beds. Skiddaw Slates.

Woodwardian Museum.
6 d. Specimens with stipes distaUy overlapping or conjoined. Troutbeck Beck. Skiddaw

Slates. Lapworth's Collection.

6 e. Ibid.

7.

—

Schizograptus reticuJatus, Nicholson.

Type specimen. Figured, Nicholson, Quart. Journ. Geol. Soc, 1868, vol. xxiv, pi. v, fig. 4.

Scale Hill, Crummock. Skiddaw Slates. British Museum (Natural History), S.

Kensington.

8.

—

Schizograptus tardlfurcatus, EUes.

Type specimen. Figm-ed, Elles, Quart. Journ. Geol. Soc, 1898, vol. liv, p. 481, fig. 7.

Carlside Edge. Skiddaw Slates. Postlethwaite's Collection.

9.

—

Schizograptus or Trochograptus.

Type specimen of Nicholson's Pleurograpttis vagans, Nich., Quart. Journ. Geol. Soc, 1868,

vol. xxiv, pi. vi, figs. 4, 5. Scale Hill, near Cinimmock. Skiddaw Slates. Postle-

thwaite's Collection.
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PLATE VII.

Grenus Trochograptus, Holm.

FIG.

1.

—

Trocliograiitus difusus, Holm.

Specimen showing disc. Figured, Elles, Quart. Journ. Geol. Soc, vol.

liv, pi. xxvii. New Quarry, Scow Gill. Middle Skiddaw

Slates. Fitz-Park Museum, Keswick.
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PLATE VIII.

Genus Trochograptus {coiifmneil) and Holograptus, Holm.

FIGS.

1 n, J).
— Trocliorjraptns dijfusus, Holm.

1 a. Large specimen, one fifth natural size. New Brow Quarry,

Upper Lorton. Middle Skiddaw Slates. Woodwardian

Museum.

1 h. Diagrammatic sketch of portion of 1 a, natural size, showing

method of branching.

2 a—c.—Holograptus Deani, Lapw., MS.

2 a. Very large specimen, one fifth natural size. Newlands, near

Buttermere. Skiddaw Slates. Lapworth's Collection.

2 h. Part of branch, natural size, t^liowing tlie form of tlie tliecsB.

2 c. Part of 2 a, natural size, showino- method of brancliino".
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PLATE IX.

Genus Dichograptus, Salter.

-Dichogrnptas odohracliiatns (Hall).

Large specimen witli eight stipes, showing faint indication of a disc.

Randal Cragf. Skiddaw Slates. "Woodwardian Museum.
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PLATE X.

Dichograptus—{confinucd).

FIGS.

1 (I
—e.—Dichograptus octohracJiiaUis (Hall).

1 a. Small specimen, less rigid than usual. Slape Crags, above

Hope Gill, Brackentliwaite. Skiddaw Slates. Woodwardian

Museum.

1 h. Eigid form, preserved partly as a cast; seven stipes only.

? Figured by Salter as D. aranea, Quart. Journ. Geol. Soc,

1863, vol. xix, p. 137, fig. 9. Skiddaw Slates. Museum of

Practical Geology, Jermyn Street.

1 c. Eiglit-stiped form, showing a well-marked central disc. Skiddaw

Slates. Museum of Practical Geology, Jermyn Street.

1 (/. Large six-stiped form. Randal Crag. Skiddaw Slates. Wood-

wardian Museum.

1 e. Small five-stiped form. Randal Crag. Skiddaw Slates. Wood-

wardian Museum.

2.—Fragments of Dichograptid stipes.

Original specimen of M'Coy's G. latus. Figured, M'Coy, Quart. Journ.

Geol. Soc, 1848, vol. iv, p. 223. Knockmurton. Skiddaw

Slates. Woodwardian Museum.

3 a, h.—Dichograptus ocfobrachiatus, var. SedgiuicJcii, Salter.

3 a. Type specimen of D. Sedgndckii. Diagi-ammatically figured by

Salter, Quart. Journ. Geol. Soc, 1803, vol. xix, p. 137, fig. 11.

Braithwaite. Skiddaw Slates. Museum of Practical Geology,

Jermyn Street.

3 h. Seven-stiped example. Carlside Edge. SkiddaAv Slates. Postle-

thwaite's Collection.

4 a, h.—Dicliogvaptus scpiarafiis, Elles.

4 a. Type specimen. Quart. Journ. Geol. Soc, 1898, vol. liv, p.

485, fig. 10. Outerside. Skiddaw Slates. Woodwardian

Museum.

4 b. Ibid., fio-. 10.
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PLATE XI.

Loganograptus, Hall, and Clonograptus, Hall.

FIGS.

1 a—-g.—LoganograpfMS Logani, Hall.

1 a. Large specimen. Figured by Nicholson, Monograph of British

Graptolites, 1872, p. 109, fig. 52 c. ? Skiddaw Slates. British

Museum (Natural History), S. Kensington.

1 h. Fifteen-stiped form, distorted by cleavage. Barf. Skiddaw Slates.

Woodwardian Museum.

1 c. Ten-stiped form. Randal Crag. Skiddaw Slates. Woodwardian

Museum.

1 d. Twelve-stiped form. Grate Gill, Blencathra. Skiddaw Slates.

Fitz-Park Museum, Keswick.

1 e. Nine-stiped form. Randal Crag. Skiddaw Slates. Woodwardian

Museum.

1 /. Seven-stiped form. Randal Crag. Skiddaw Slates. Woodwardian

Museum.

1 g. Eight-stiped form, broader than usual, poorly preserved. Ibid.

2 a—c.—Glonograptus teneUus (Linnarsson)

.

2 a. Specimen preserved in low relief. Mary Dingle. Shineton Shales.

H. M. Geological Survey Collection.

2 h. Ibid.

2 c. Fragment of distal stipes. Skiddaw Slates. Fitz-Park Museum,

Keswick.

3 a

—

c.—Glonugraptiis, var. Gallavei, Lapworth,

3 a. Specimen showing form of thecse. Mary Dingle. Shineton Shales.

H. M. Geological Survey Collection.

3 h. Specimen showing stipes of the sixth order. Ibid.

3 c. Fragmentary example. Mary Dingle. Shineton Shales. Callaway's

Collection.
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PLATE XII.

Temnograptus, Nicholson ; Bryograptus, Lapwortli ; and Trichograptus, Nicholson,

B'IGS.

1.

—

Temnograptus multipleve, Nicholson.

Two specimens on same slab. Right-hand one figured by Nicholson,

Quart. Journ. Geol. Soc, 1868, vol. xxiv, pi. vi, figs. 1—3 ;

left-hand specimen figured by Elles, Quart. Journ. Geol. Soc,

vol. liv, p. 477, fig. 6. Peelwyke, Bassentliwaite. Skiddaw

Slates. Christopherson's Collection.

2.

—

Bryograptus divergens, Elles and Wood.

Specimen preserved partially in relief. Figured by Marr as Bryograptus

Gallavei (?), Geol. Mag., 1894, p. 130, fig. 6. Barf. Lower

Skiddaw Slates. Woodwardian Museum.

3 a, b.—Bryograptus Ejerulfi, Lapworth.

3 a. Specimen figured by Salter as Dichograpsus, sp.. Quart. Journ.

Geol. Soc, 1863, vol. xix, p. 137, fig. 12. Keswick. Skiddaw

Slates. Museum of Practical Geology, Jermyn Street.

3 h. Large slab, showing specimens of B. Kjerulfi associated with its

variety v. cumhrensis. Figured, Marr, Geol. Mag., 1894, p. 130,

fig. 1. Barf. Skiddaw Slates. Postlethwaite's Collection.

4 a—c.

—

Bryograptus, var. cumhrensis, Elles.

4 a. Three specimens in association, the largest showing conspicuous

sicula with its nema. Figured, Marr, Geol. Mag., 1894, p. 130,

fig. 3. Barf. Lower Skiddaw Slates. Woodwardian Museum.

4 h. Small specimen on same slab as 4 «. Figured, Marr, op. cit.,

figs. 4, 5.

4 c. Specimen from Barf. Lower Skiddaw Slates. Lapworth's

Collection.

5.— Trichograptus fragilis, Nicholson.

Type specimen. Figured, Nicholson, Ann. and Mag. Nat. Hist. (4),

vol. iv, pi. xi, figs. 1—3. Thornship Beck, near Shap. Upper

Skiddaw Slates. Natural History Museum, S. Kensington.
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PLATE XIII.

AzygOgraptuS, Nicholson, and Phyllograptus, Hall.

FIGS.

1 a, h.—Azygograptus Lajnvorthi, Nicholson.

1 a. Specimens in association showing the sicula. Hodgson-How Quarry, Portinscale.

Skiddaw Slates. Woodwardian Museum.
1 h. Part of a slab, showing mode of occurrence. Ibid.

2 a—e.
—AzygograpUis HicJcsii (Hopkinson).

2 a. Type specimen showing sicula. Figured by Hopkinson as Tetragraptus HicJcsii,

Quart. Journ. Geol. Soc, 1875, vol. xxxi, pi. xxxiii, fig. 12 c. Whitesand Bay.
Middle Arenig (Hicks). Woodwardian Museum.

2 b. Two branches crossed in Tttnigrwptus form. Ibid., fig. 12 a.

2 c. Accidental association of three stipes. Ibid., fig. 12 h.

2 d. Specimen showing proximal end, well preserved. Whitesand Bay. Middle Arenig
(Hicks). Woodwardian Museum.

2 e. Similar specimen. Ibid.

3 a, h.—Azygograptiis suecicus, Moberg.
3 a. Portion of one slab, showing the mode of occurrence of this species. Barf. Middle

Skiddaw Slates. Woodwardian Museum.
3 b. Part of another slab ; specimens preserved as casts. Barf. Middle Skiddaw Slates.

Postlethwaite's Collection.

4 a, b.—Azygograptus ccelebs, Lapworth.
4 a. Specimen, indifferently preserved, but showing sicula. EUei-gill. Upper Skiddaw

Slates. Woodwardian Museum.
4 b. Isolated stipe, showing form of distal thecse. Figured, Lapworth, Ann. and Mag.

Nat. Hist. (5), vol. V, pi. v, fig. 16 c. EUergill. Upper Skiddaw Slates. Wood-
wardian Museum.

5 a, b.—Phyllograptus, cf. typus, Hall.

5 a. Specimen showing characteristic form. Skiddaw Slates. Woodwardian Museum.
5 b. Specimen distorted by cleavage. Thornship Beck. Middle Skiddaw Slates. British

Museum (Natural History), S. Kensington.

6 a—
-f.
—Phyllograptus Anna, Hall.

6 a. Specimen indifferently preserved. Carlside Edge. Skiddaw Slates. Woodwardian
Museum.

6 b. Elongated specimen preserved as a cast. EUergill. Middle Skiddaw Slates.

Lapworth's Collection.

6 c. Specimen presented as an impression, showing the virgula (?). Figured, Elles, Quart.

Journ. G-eol. Soc, vol. liv, p. 494, fig. 16. Eandal Crag. Skiddaw Slates. Wood-
wardian Musevun.

6 d. Small broad specimen. Eandal Crag. Skiddaw Slates. Woodwardian Museum.
6 e. Specimen preserved as a cast. Skiddaw Slates. Lapworth's Collection.

6/. Very short but broad specimen, preserved as a cast. Bennane Head, Ballantrae.

Arenig. Lapworth's Collection.

7 a—-/.

—

Phyllograptus angustifolius. Hall.

7 a. Specimen showing typical form. EUergill. Middle Skiddaw Slates. British Museum
(Natural History), S. Kensington.

7 b. Broader example. 13assenthwaite Sand-l»eds. Middle Skiddaw Slates. Woodwardian
Museum.

7 c. Form associated with P. typus (fig. 5 a). Skiddaw Slates. Woodwardian Museum.
7 d. Narrow example, narrowest proximally. Barf. Skiddaw Slates. British Museum

(Natural History), S. Kensington.

7 e. Specimen showing well the form of tlic thecse. Bassenthwaite Sand-beds. Skiddaw
Slates. Woodwardian Museum.

7 /. Specimen fairly well preserved. Barf. Skiddaw Slates. Woodwardian Museum.

8.

—

Phyllograpttis ilicifolius, var. grandis, EUcs.
Type specimen. Figured, Elles, Quart. Journ. Geol. Soc, vol. liv, p. 493, fig. 15. North-

east of Sleet How, Keswick. Skiddaw Slates. Woodwardian Museum.
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